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Summary. The brains and retinas of infant mice were examined following
subcutancous administration of monosodium glutamate (MSG) and structurally
related compounds in an attempt to clarify the molecular specificity of MSG-in-
duced neuropathology. Based on the effects on the infant retina and bypothalamus
all compounds could be placed into one of four groups: 1. Those equipotent with
L-MSG in necrosing neurons. 2. Those substantially more potent than L-MSG in
necrosing neurons. 3. Those which affect non-neuronal components (clial, ependy-
mal, Muller cells) without appreciable effects on neurons. 4. Those with no cyto-
toxic effects. Except for L-cysteine, all neurotoxic compounds were acidic amino
acids known to excite neurones. the most potent neurotoxie compounds being
those which are powerful neuroexcitants (N-methyl DL-aspartic and DL-homo-
cysteic acids). The exception posed by L-cysteine may be more apparent than real
in that the in vivo conversion of the SII terminal to a more acidic group (SO,H or

-30;1) could account for its neurotoxicity. The close correspondence in molecular

specificities associated with neurotoxic and neuroexcitatory properties of simple
amino acids suggests the two phenomena may be governed by similar mechanisms
of action.

Key words: Cytotoxic Amino Acids — Infant CNS — Glutamate

Introduction

It has been demonstrated that subcutaneous administration to infant mice of
monosodium L-glutamate (MSG) results in acute degenceration of cells in the inner
layers of the retina (Lucas and Newhouse, 1057; Potts ef al., 1968; Cohen, 1067;
‘Olney, 1069a) or the arcuate nucleus of the hypothalamus (Olney, 1969a, 1971 a;
Arees and Mayer, 1970; Burde ef al., 1971; Coulston, 1970). Originally, Lucas and
Newhouse (1937) observed necrosis of retinal neurons following the administration
of either L-glutamate or L-aspartate, but the aspartate effect was interpreted as
being secondary to the in rive conversion of aspartate to glutamate. Olney and Ho
(1970) reported necrosis of neurons in the infant mouse retina and hypothalamus
following oral intake of L-glutamate, L-aspartate or L-cysteine, but found no
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retinal or hypothalamic eytopathology following high oral doscs of various other
- amino acids (glycine, L-scrine, L-u-alanine, L-leucine, DL-methionine, L-phenyl-
alanine, L-proline, L-lysine, L-arginine) or non-amino acid salts (sodium glutarate,
sodium chloride). Identical results have been obtained by administering the same
series of compounds subcutaneously (Olney, J.W. and Ho, O.L. unpublished).

8 The present study was undertaken to determine what effects subcutancously
. administered compounds closely related structurally or metabolically to glutama-
te, aspartate or cysteine, might have on the infant retina and hypothalamus.

D.R. Curtis and others (1060, 1963, 1965, 1969) have observed that a select group

r . of simpe amino acids, including glutamate, aspartate and acidic congeners of
cysteine and homocysteine, excite neurons when administered electrophoretically

- , into the mammalian central nervous system. We have studied a number of these
[ ‘ neuroexcitatory amino acids to provide a basis for evaluating the possibility that
: the molecular specificities underlying neuroexcitatory and neurotoxic properties

of simple amino acids may be similar.

Material and Methods

Approximately 250 Webster Swiss alhino mice {National Laboratory Animals, Missouri),
10 days old, were cach given a single subcutaneous dose of one of 24 test (-umr;ounds (Table 1).
o Beeause L-glutamic acid had previousiy been tound predictably clfective in producing con-
F ' spicuous lesions with neglizible mortality at a dose of 12 mmoles kg, this dose was used ini-
tially with each compound tested. If 2 compound induced no eytopathic effects at 12 mmoles;
kg it was also tested at 24 mmoles ky. Several compounds were rapidly lethal to the infant
mouse at 12 mmoles ke, so that a pilot project was required with each such compound to
empirically establish a sublethal dose range within which the neurotoxic potential of the com-
pound could be tested. Each compound was tested on at least 4 animals atter an appropriate
dose rauge was established. All solutions were freshly prepared in distilled deionized water just
prior to use. and were adjusted to pH 7.0 0.2 with NaOH. Concentrations were varied so
that the desired dose could be administered in a- volume of approximately 0.1 ml. All animals
were anesthetized with chloral hydrate and saeriticed by perfusion tixation 3 hours after
treatment (or at serial inteevals, including 3 hours, for a few compounds), and both the brains
and retinas were processed for alternative examination by either light or electron microscopy
according to a regimen described in detadl elsewhere {Olney and Ho. 19705 Olney, 1971a). A
method described previously (Olney and Ho, 1870} for roughly quantifying the pathological
reaction in the infant hypothalamus was employed as an aid in comparing the neurotoxie
potency of test compounls.

Al compounds were obtained {rom Sigma Chemical Company. St. Louis. Missouri, except
DL-homocysteic acid trom Nutritional Biochemical Corporation, Cleveland, Ohio, and 2 amino
3 phosphonopropionic acid and 2 amino 4 phosphonobutyric acid from Calbiochem, Los Ange-
les, California. All animals used in these experiments were handied and cared for according
to methods approved by the Council of the American Physiologieal Society.

L.

B

Results

In terms of observed effect on the infant retina and hypothalamus, test-com-
pounds fell into one of four groups (Table 1 A—D). It was relatively easy to group
the compounds because for any given substance either a certain type of lesion
consistently appeared in each animal appropriately dosed, or a complete absence
of cytopathology was censistently evident. Minor exceptions were encountered
with glutamine and asparagine which were ineffective at 12 mmolesjkg, but were
weakly effective at 24 mmoles kg. The eytotoxic potential of these compounds was
clearly so weak that they were classified with the inetfective group (Table 1D).
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Table 1. Structure, cytospecificity and relative potency of compounds. Severity of retinal and

hypothalamic lesions following a 12 mm kg dose of L.-glutamic acid or DL-alpha aminoadipic

acid were assigned a value of 1 for case of expressing comparative potencies within each
cytospeciticity categery. Minor differences in poteney designated by (+) or (—)

Speci-
Compound Structure ficity Pot.
A. Lglutamicacid. . . . . . . . . HOOC-{CH,),~-CH(NH,)-COOH N* 1
D-glutamicacid . . . . . . . . HOOC-{CH,),~-CH(NH,)-COOH N 1(+)
L-agparticacid . . . . . . . . . HOOC-CH,-CH(NH,-COUH N 1
D-asparticacid. . . . . . . .. HOOC-CH,~CH(NH,)-COOH N 1(+
L-cysteine sulfinicacid . . . . . HO,S-CH,-CI{NH,)-COOH N 1(+).
L-cysteicacid . . . . . . . . . HOS-CH, CUH(NH,)-COOH hY 1(+)
L-cysteine . . . . . . . . ... HS-CH,-CH(NH,-COOH N 1 {—)
B. N-methy] DL-glutamicacid . . . HOOC-{CH,),~-CHINHCH)-COOH N 5
N-methyl DL-asparticacid. . . . HOOC-CH,~CH(NIHCH,)-COOH N 100
DL-homoeysteic acid . . . . . . HOS-{CH,),-Cil{NH,)-COOH N 20
C. DL-alpha aminoadipicacid . . .  HOOC-(CI ), -CH(INH,)-COOH GEM** ]
alpha methyl DL-glutamic acid . . HOOC-{CH),-CiCHNHO-COOH GEM ]
alpha methyl DL-aspartic acid . . HOOC-CH,,-CCHUNH ) COOH | GEM 1 (+)
2 amino 3 phosphonopropionic acid  H,0,P-CH,-CH(NH - COOH GEM 1 (—)
2 amino 4 phosphionobutyric acid . HLO0,P-(CH - CHINH,)-COOH GEM 1 (—)
D. alpha ketoglutaricacid . . . . . HOOC-(CH,),-CHO ool - 0
L-glutamine . . . HLNOC- ¢ H. ),—( H(NH)-COOH - 0(+)
ganiuma amino-n- hut\rl( amd (( \B Ay HOOC-(CH, us-\H 0
N- —acetyl L-glutamic acid . . . . HOOC-{CH,),-CH(NHCOCH ) L()()H - 0
DL-alpha aminopimclic acid . . . HOOC- ll_ll CHiNH,)-COOH - ¢
L-asparagine . . . .o« o HONOC-CH,-CH{NH,)-COOH - 0 ()
N-acetyl L-aspartic '1('|d . . . . HOOC-CH,-CH(NHCOCH;}-COOH - 0
N- a(tt)l Leewysteine . . . . . . . HS-CH-CH(NHCOCH, COOH - 0
3 mercaptopropionicacid . . . . HS~(CH,,-COOH ~ 0

* \ == \ulrondl ** GEM = Glial, E pvnd\ mal and Muller cell.

The first group {Table 1A) included L-ghitamic acid (MSG) and other com-
pounds judged approximately equipotent to it in-causing acute neuronal degene-
ration. Lesions induced in either the retina (Fiu. 4e) or hypothalamus (IMigs. 1a—e)
by these compounds were indistinguishable from those induced by MSG. This
neuron-necrotizing type of reaction, as described in detail elsewhere (Olney,
19069a, 1971a; Olneyv and Sharpe, 1969), and further corroborated here, was
characterizéd by massive swelling and organcile degeneration in postsynaptic
elements, both dendritic and somatic (Figs. 2a—c). These changes occurred early,
the first signs becoming evident within an hour of treatment. By approximately
3 hours, nuclear chromatin changes were evident; these evolved into frank pykno-
sis of the neuronal nucleus within an additional hour or two. Axon terminals or
bundlies of axons present in the arcuate region, but originating from cell bodies in
other regions of the brain, retained a normal appearance while arcuate neurons in
their midst were necrosed, phagocytized and evacuated from the region.

Despite their ability to necrose select neuronal populations in the infant central

_nervous system, each of the compounds in Table } A was well tolerated at 12 mmo-
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64 J.W. Olney, Oi Lan Ho and Y. Rhee:

les/kg except L-cysteine which rendered treated animals practically moribund by
the time of sacrifice. The excessive general toxicity of L-cysteine is not explained
by its effect on hypothalamic neurons in that it tended to produce a slightly
smaller hypothalamic lesion (Fig. l¢) than better tolerated compounds in the
same group.

The second group (Table 1B) comprised those compounds found more powerful
than L-glutamic acid as neuron-necrosing agents. The potency of these compounds,
particularly N-methyl DL-aspartic acid, was reflected strikingly in the behavior
of treated animals. Infant mice responded within seconds after a 12 mmoles/kg
dose, exhibiting extreme irritability and wild running behavior which culminated
in a sustained tonic scizure state and death within 1-—2 min. Every dose of N-me-
thyl DL-aspartic acid above 0.12 mmoles’kg was lethal, the time between treat-
ment and death varying from 1—30 min depending on dose. Doses in the range of
0.06—0.10 mmoles/kg were usually non-lethal, but induced ncuronal degeneration
in the arcuate nucleus of the hypothalamus (Fig. 3) and in the inner layers of the
retina. Both N-methyl DL-glutamic and DL-homocysteic acids were also rapidly
lethal at 12 mmoles/kg. Scaling the dose of the former down to a range of 1.2—2.4
mmoles/kg, and the latter to a range of 0.3—0.6 mmoles/kg, resulted in acute
neuronal degeneration in both the inner retina and arcuate nucleus of the hypo-
thalamus without killing the animals. Based on doses required to produce lesions

Yig. 1. Hypothalumic effects of ncurotoric (a—f) and non-toxic (g—1i) compounds compared by

light micrascopy 3 kours following teeatiment. Fach compound given at 12 mmoles kg except

DL-homocysteie acid at 0.3 mmoles ke. a. L-glutamic acich, b. Le-aspartic acid. e. L-cysteine.

d. L-cysteine suliinic acid. e. L-eysteie acid. f. DL-homocysteic acid. g. L-glutamine. h. N-ace-

tyl L-cysteine. i. Alpha ketoglutaric acid. An acute lesion sweeping across the arcuate region

but ‘not extending into other hypothalamie regions is clearly evident in each section except
those on the right (g—i) which appear normal (all < 80)

Fig. 2. Ultrastructural features of hypothalamic {esion induced by L-glutdinic acid (12 mmolesikg).
8. Survey view of arcuate region § hours following treatment. Ependymal lining of third
ventricle (111) and glial constituents about origin of median eminence (ME) appeur normal
but many cells of the areuate nucieus are degenerating (< 500). b. Necrotie cell from rectangle
in Fig. 2a. Signs of cellular degeneration include marked alterations in chromatin pattern of
nucleus (arrow), vacuotization of endoplasmic reticular system (er), sphericalization of mito-
chondria (m} and diftusely distributed particulate debris. Ldentification of this cell as a neuron
is based on the presence of an axesomatic synapse shown at higher maynitication in Yig. 2e
(X 7,000). c. Axosomatic synupse trom neuron {Figs. 2a and b). Note displacement of presy-
naptic vesicles and membranes relative to post synaptic densification arca {arrow), an early
indication that the axon terminal {A) is separating from its contact with the cell surface
(% 56,000)

Fig. 3. Ultrastructural features of Rupothalanic lesion induced by N-methyl DL-aspartic acid
(0.06 mmolesikg). a. Survey view of arcuate region 5 hours foilowing treatment. Normal
ependymal and glial elements next to a field of degenerating arcuate neurons reveals the basic
similarity of this lesion to that depicted in Figs. 2a—c following L-slutamic acid, despite the
100 fold difference in dose. Dark lines are artefact due to wrinkling of ultrathin section { x 60U0).
b. Degenerating neuron from rectangle in survey scene (Fig. 3a). The same features of cellular
degeneration are present in the nuecleus (arrow), endoplasmie reticulum {er) and mirochondria
{m) as were shown in Fig. 2b. Identircation of cell as a newron is based on synapses in boxed
region which is magnitied in Fig. 3¢ (X £.500). c. Synapses terminating on cell surface of
neuron shown in Figs. 3a and b. Note axon terminal at top is withdrawing from contact on
cell surface as indicated by displaced position of post synaptic densitication {xX ++,000)
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Fig. 4. Comparison of retinas 3 hours after a nom-toric compound (a ). a gliotoxic compound (b)
and neurotoxic compound (¢}, a. N-acety] Loglutamic acid (12 mmoles ky): the appearance of
the infant retina is no ditfferent from that of an untreated animal (see illustration in Olney,
1969a). Retinal layers as follows: U == outer nuclear luyer: V o=z outer plexiform laver; W ==
inner nuclear Jayver: N — inner plexitorm layver: Y == ganglion cell Jayer: 4 = Muller foot pro-
cesses. b Alpha aminoadipic acid (12 mmoles ky): extreme edema of non-neuronal Muller
cells is the only pathological manifestation. Swelline of nuclei and perikarva of Muller cells
is evidenced by the light band running through middie of inner nuclear layer (W), Swollen
foot processes (Z) of Mulier cells cause widening of retina but note that row of ganglion cells
(Y) surrounded by the Muller processes appear unaflected, e L-cysteine (12 mmoles kg);
reaction pattern is identical to that following L-ghitamic acid (illustrated in Olney, 1968a),
Ripolar and amacrine neurons (arrowsi in lower 1.3 of the inner nuclear layer. the ganglion
celldayer (Y) and the neural processes comprising the inner plexiform layver (X) are degenerat-
ing. The extra thickness of this retina is due to edema of these inner retinal layers (all x 220)

of comparable size, N-methyl DL-aspartic acid was 100 times, DL-homocysteic
acid 20 times and N-methyl DL-glutamic acid 5 times move potent than L-gluta-
mic acid. By either light microscopy (Fig. 11) or clectron microscopy (Fig. 3) the
exvtopatholugical reaction puttern induced by these compounds appeared to be the
same as that induced by L-glutamic acid and compounds of Table 1 A.

The third group of compounds {Table 1C). at a dose of 12 mmoles/kg, indueced
a pathological reaction identical in regional distribution but differing in eyvtolo-
gical specificity from that following treatment with L-glutamic acid (MSG) or
other compounds in Tables 1 A and B. The compound studied most extensively in
this group, DL-alpha aminoadipic acid, induced changes in only onc cell type of
the retina, the non-neuronal Muller cell (Fig. 4b). Ganglion, amacrine and bipolar
cells, which comprise the inner retinal neural constituents necrased by MSG
(Olney, 1969a) were not affected. Changes in the hypothalamus were restricted

5486
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Fig. 5. Light micrographic rompqr:\on of hyputhalami 3 kours after a now-toxic compound (a) a
gllotu.uc compound (b) anld nenrotoric compound (¢). a. N-acetyl L-glutamic acid (12 mmoles/
kg); the arcuate region (AR of the infant h\pntlmlamm appears o~~entmlh like that of an
untreated animal (sce illustrations in Olney, 1971a). b, DL-alpba aminoadipie acid (12 mmo-
les/kg); marked edematous changes in }.zlml (g) and ependvmal (e} compartmuents distinguish
this reaction pattern from the normal appearing hypothalamus (Fig. 5a) or from the pattern
of rapid neuronal nevcrosis depieted in Fig, 5 ¢, The fenestrated appearance of the arcuate region
is caused by dilatation of glial processes surrounding the normal appearing neurons. e. L-glu-
tamic acid (12 mmoles kg): the numerous arenite neurons (n) with dilated empty perikarva
and shrunken dark nuelei beside an essentially normal ependymal wall vive this reaction
pattern a distinctive appearance which can be ditferentiated. even by light microscopy, from

the glioependymal pattern in Fig. 5b (all »« 300y

to the arcuate region, but appeared by light microscopy to be oceurring around
rather than within neurons (Fig. 3b). This reaction pattern was confirmed by
electron microscopic examination at several intervals after treatment during which
glial and ependymal cells manitested marked edema. progressing in some cells to
organelle degeneration and eellular necrosis. while neurons retained a normal
appearance (Figs. 6h, 7 and 8). Svnaprtic involvement is the most useful eriterion
available for distinguishing neuronal from non-neuronal cellular elements in acu-
tely degenerating tissues of the central nervous system. This is particularly true
in the arcuate nucleus. where neurons all fall within a size range only slightly
larger than glia. Although we found many edematous and degenerate appearing
structures in the arcuate region of animals treated with alpha aminoadipic acid,
none was involved in a synapse.

The phosphonic acid analogues and the alpha methylated {methy! group on
the alpha C rather than N atom) derivatives of DL-glutamic and aspartic acids
{Table 1C) also tended to induce gliotoxic but neuron-sparing reactions, although
the separation of effect between neuronal and non-neuronal compartments was

most complete following alpha aminoadipie acid (other compounds in the group

preferentially affected non-neuronal components but also aftected neuronal com-
ponents slightly, especially the alpha methylated compounds.

The final group (Table I D) comprised those compounds which were judged to
have essentially no evtotoxic action on the infant hypothalamus (Figs. lg—i, 5a
and Ga) or retina {Fig. 4+a). Each compound in this group was tested initially at

2 mmoles;kg, and when observed to be ineffective at this dose was tested also at

5436
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Fig. 6. Survey ultrastructural vie Hter non-toric {u), dliotoric
(Y) and neurctoric (c) compounds, a. N-acetv] L-glnt:lmic acid (12 mmoles ke); nearons (n),
neuropil arcas and the ependvmal lining of the 3rd ventricle (111; all appear normal, b
Alpha aminoadipic acid (12 mmoles kebs cell bodies and nucle

amidst massively swollen glial processes {g). Note the extr
nuclei (e}, ¢. L-glutamice acid: the pyknotic nuclej (

s of the areunte nucloys ;3 hours ¢

i of neurons (n) appear normal
eme tumefaction of ependymal
Arrows) of neurons are surrounded by

massively edematous neuronal perikarva (pk) but the ependymal lining of the 3rd ventricle
- (111) and portions of the neurapil which are maximally affected in Fig. 6b are not involved
£ (all x 900)
~ 24 mmoles/kg. An exception was

3 mereaptopropionic acid which was consistently
lethal at 12 mmoles’kg and, therefore, was not studied at 24 mmoles/kg. This

non-amino acid homologue of cysteine induces seizures in adult rodents (Sprince
elal., 1969). Tn the dose range of 0.06—0.6 mmoles/kg severe repeated opisthotonie
seizures were induced in infant animals, and this was followed by prolonged hyper-

excitability, but at 6 and 12 mmoles/kg the animals beecame prostrate and died

over a I-—4 hour period without having seizures. Despite the convulsant activity

.Qwh’ AP
R L

- of this compound at low doses, and severe general toxicity at higher doses, it did
; not induce necrosis of retinal or hypothalamic neurons. Glutamine and asparagine,
o the amide forms of glutamic and aspartic acids respectively, were incffective at
-— 12 mmoles/kg but consistently necrosed

a small number of neurons at 24 mmoles/
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Fig. 7. Glial deyencration 10 hours after DL-alpha aminoadipic acid {12 mmoles k). The neuron

(n) appears unaffeeted with a normal nuelear chiromatin pattern and mitochondria (m) of

normal size. density and shape. Pathological changes in the glial cell (g) include peripherali-

zation of nuclear chromatin, hydropic cytoplasm and nassive spherical mitochondria (m)
measuring 10135 times the diameter of normal mitochondria (X 9.000)

Fig. 8. Glial degencration 12 hours nfter DL-alpha aminoadipic acid (12 mmolesitq). a. Mito-
g _ ! !
chondria (m) remain massively dilated, rough surfaced vacuoles (v) have formed (see inset)
and the nucleus (arrow) has reached an advanced stage of pyknosis (< 12.000). Inset from
boxed region illustrates granules adhering to the outer surface of a membrane-bound vacuole.
This type of vacuole. probably originating from endoplasniic reticulum, is aiso seen in de-
generating neurons following treatment with L-glutamic acid (X 46,000)

kg. It scems reasonable to explain this effect in terms of the i1 vivo conversion of
these compounds to glutamic and aspartic acids. Gamma amino butyric acid
(GABA) at both 12 and 24 mmoles;/kg had essentially a sedating effect, but pro-
duced no changes in retinal or hypothalamie neurons.

5486
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Discussion

Several authors have reported data on the subject of MSG-induced brain
damage which are inconsistent with findings from this laboratory. Adamo and
Ratner (1970) postulated species variation to account for their failure to observe
brain damage in adult rats treated with MSG in infancy. However, Arces and
Mayer (1970), Burde ef al. (1971) and Olney (1069b) have all found the rat,aswell as
the mouse, susceptible to MSG-induced brain damage. Multiple endocrine distur-
bances (Redding and Shally, 1970: Redding ef al., 1071) and obesity (Knittle and
Ginsberg-Feller, 1970) have also been reported in MSG-treated rats. Methodolo-
gical variables which might explain the failure of Adamo and Ratner to detect an
MSG cffect in the rat have been diseussed elsewhere (Olney, 1971 b).

Oscr and colleagues (1971), employing 3 species of experimental animal (mice,
rats, dogs). recently explored the toxic potential of MSG from a food safety stand-
point. The failure to deteet brain damage in any of the 3 species following MSG
treatment probably relates to certain features of the rescarch design. For example,
the treatment schedule was limited ta a single minimally effective dose of MSG,
a fecding tube was not used to assure that orally treated animals actually received
the full dose deseribed. brains were not examined in carly post treatment intervals
when evtopatholozical changes are known to be most conspicious and readily
interpreted. and relatively unretined techniques were used for tissue preparation.
When Burde ¢f al. (1971) treated infant mice by feeding tube with the same oral
dose of MSG emploved by Oser and colleagues (1 mgrgm). but sacrificed animals
within 5 hours after treatment and replicated the histolocial procedures described
by Olney (1971a) and Olney and To (1970). acute degeneration of neurons was
detected in the arcuate nucleus of all MSG-treated infants end in none of the NaCl-
treated controls. .

Arees and Maver recently were able to demonstrate. with several histopatholo-
gy techniques, that neuronal degeneration oceurs in infant mouse brain following
subcutaneous treatment with MSG (Arees ef al.. 19711 Arees, E.A. personal com-
munication) and. therefore, have discarded their prior interpretation (Arces and
Maver, 1070) that MSG treatment affects “microglia” rather than neurons.

In electrophoretic studies with simple amino acids it has becn established
(Curtis and Watkins, 1960, 1963, 1065 Curtis and Crawford, 1969) that neuro-
excitatory properties are primarily confined to select amino acids conforming to
the general molecular structure ‘

X —(CH,),—CH(NH,)—CO,H,

where X may be CO,H, SO,H or SO;H and n = 1 or 2. D and 1. enantiomorphs
were usually of equal strength, and alkyl substitution within the carbon chain or
on the N atom is usually associated with diminution or loss of excitatory activity.
However, these generalizations are subject to the exceptions that N-methyl
D-aspartic and D-homocysteic acids were exceedingly potent neuronal excitants,
the former being the more potent of the two.

Our data indicate that the same general rules may apply for predicting neuro-
toxicity from the structural formula of a simple amino acid as apply for predicting
neuroexcilatory activity. Further, it appears that the same major exceptions are
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applicable in that two structural modifications known to markedly increase rather
than decrease neuroexcitatory potency (X-methyl Dl.aspartic and DL-homo-
cysteic acids) also resulted in marked increases in neurotoxicity. It seems likely
that the extreme neurotoxicity of the racemic preparations of N-methyl aspartic
and homocysteic acids was due to the presence in each case of the D isomer.
However, this point cannot be considered well established until L and D forms of
each compound are separately evaluated for neurotoxicity. Other modifications
known to reduce ncuroexeitatory activity were associated in these experiments
with neuron-sparing but gliotoxic effects. and an assortment of amino acids with
no known neuroexcitatory properties were also found to have no eytotoxic effects.
Possible exceptions to the close correspondence in structure-activity relation-
ships for neuroexcitatory and neurotoxic amino acids are N-methyl DL-glutamic
acid and L-cysteine. N-methyl DL-glutamic acid is probably a very minor excep-
tion. It was about 3 times move eftfective than either D or L-glutamic acid in neuro-
toxic action by our evaluation, but was rated slightly less potent than D or L-glu-
tamic acid as a ncuroexcitant in electrophoretic studies in the eat (Curtis and Wat-
kins, 1063). It has been shown. however, that. N-methyl DL-glatamic acid is more
potent than L-glutamic acid, and much less potent than N-methyl DL-aspartic
acid, in producing excitation and convulzions when administered to young adult
mice by intraventicular injection (Crawford. 1963). This corrclates well with our
findings regarding the relative neurotoxie potencies of these compounds in infant
mice. Species, auge or topographical variables might explain the minor differences
between our findings and eleetrophoretic data for N-methyl DL-¢lutamic acid.
In our experiments L-cysteine was tolerated poorly and induce neurodegen-
erative changes in infant retina and hypothalanus. Yet, the terminal SH group
of eysteine is not acidice like the CO,H. SO,H or SO, terminals associated with
neuroexcitatory activity, nor has L-cysteine been demonstrated to have neuro-
excitatory activity in electrophoretic experiments (Curtis, D. R. personal com-
munication). Furthermore, we have aobserved that a disseminated pattern of neu-
ronal degeneration appears over a 24 hour period following the subcutaneous
administration of L-cyvsteine which involves areas of brain (cercbral cortex, dorsal
hippocampus, thalamus. midbrain) not affected by subcutaneously administered
acidic amino acids (Olney, J. W.. unpublished observations). A tentative way of
reconciling these observations would be to assume that L-cysteine gains entry to
many more portions of the intant brain than do the acidic amino acids, but then
becomes toxic by conversion locally within the brain to one of its acidic analogues
Since the molecular specificities associated with neuroexmtatorv and neuro-
toxic properties of amino acids are very similar. if not 1dentxcal there is a strong
possibility that the two phenomena are mediated by a common mechanism of
action. It is assumed from eclectrophoretic experiments that the acidic amino
acids interact with external receptors of neuronal membranes, but it remains to be
established whether such an interaction is confined to the synaptic region (Curtis,
1969). We observed that postsvnaptic {dendritic and somal), but not presynaptic
(axonal), components were among the earliest neural elements to react. This is
consistent with the postulate that glutamate or other acidic amino acids {Curtis,
1969) function physiologically as neurotransmitters, since it would be expected
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that the postsynaptic region would be particularly sensitive to increased extra-
cellular concentrations of such compounds. Sustained high concentrations infil-
trating the synaptic cleft region could lead to persistent depolarization, altered
ionic permeability of neural membranes and, conceivably, to neuronal necrosis.
Alternatively, however, our observations are also consistent with a direct effect
of acidic amino acids on extrasynaptic neural membranes. since this could produce
a similar sequence of events and, in either case, whole dendrites and cell bodies as
well as synaptic regions might manifest changes as early concomitants of neuronal
degeneration. The fact that certain of the acidic amino acids tested were gliotoxic
but not neurotoxic suggests that at least some acidic amino acids can produce
cvtotoxie cffcets on the basis of a mechanism not mediated through synaptically
specialized membranes. Of course, this does not preclude a selective effect on
neurosynaptic membranes by one species of acidic amino acid, and an cffect
specific for synaptically unspecialized ghial membranes by another. In fact, since
gliotoxic effects were particularly well defined but surrounding neurons were com-
pletely unaffected following treatment with alpha aminoadipic acid, and this com-
pourdl is a natural metabolite of brain (Takao and Kanazawa, 1966), a role is
sugeested for alpha aminoadipie acid in the functioning of glial membranes which
parallels the role that olutamate or other neuroexcitatory compounds might have
in relation to neural membranes.

Since subcutancous administration of neurcexcitatory amino acids induced
pathological changes only in-cells of the retina and arcuate nucleus of the hypo-
thalamus, the question arises whether-the mechanism of toxicity is selective for
these neuronal populations or is one to-which neurons in general might be vualner-
able. We think the latter is the case, beeause we have found that doses of MSG
substantially higher than 12 mmole/ke induce lesions in certain extrahypothala-
mic regions of the brain (Olney, 1869 b), and it is possible with high MSG doses
(24 mmole/kg) ta produce a brain lesion in the 1 day old mouse which spreads
bevond the arcuate nucleus to involve indiscriminately neurons lying within a
wide are about the mediobasilar portions of the brain (Olney, J. W. unpublished).
Further, we have found (Perez, V. and Odriey, J.W., unpublished observations)
that the glutamic acid concentration of the arcuate nucleus of the mouse hypotha-
Jamus increases to 4 times normal levels following subcutancous administration of
MS@G, while the adjacent ventromedial nucleus and other brain regions show no
substantial increase in glutamic acid concentration. This suggests that arcuate
neurons are selectively necrosed by the neuroexcitatory amino acids simply
because they are a group of brain cells peculiarly exposed to the subeutaneous
route of administration. Also relevant is the observation that L-cysteine, in
addition to its selective carly cffect on the hvpothalamus and retina, is capable of
producing more widely dissermninated neurodegenerative effects, possibly on a basis
of delayed conversion to more acidic analogues in various other portions of the
brain. :

Taken together these several lines of cvidence suggest that many neuronal
populations outside the retina and hypothalamus are susceptible to the toxic
mechanism of the acidic amino acids. Further, the neurotoxicity of acidic amino
acids appears to cut across most specics houndaries since each species tested for
MSG-induced hypothalamic damage (mice, rats, rabbits, chicks, monkeys) has

.
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been susceptible (Olney, J.W., unpublished observations). It may be important,
therefore, that several of these amino acids are natural metabolites of the central
nervous system (glutamic, aspartie, eysteine sulfinic and cysteie acids). Since even
a transicnt elevation in the brain concentration of one or more of these natural
metabolites could conceivably trigger a neurodegenerative syndrome in the
developing human brain, the potential role of acidic amino acids in the pathoge-
nesis of aetiologically obscure syndromes of mental retardation or other forms
of aberrant mental functioning warrants consideration.
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tuin Lesions, Obesity, and Other Disturbances

® Mice Treated with Monosodium Glutamate

Abtruct. In newborn mice subcutaneous injections of monaosodium glutamate
Haced acute neuronal necrosis in several regions of developing brain including
}’ kypothalamus. As adults, treated animals showed stunted skeletal development,
:ﬁwled obesity, and female sterility. Pathological changes were also found in
i*odd organy associated with endocrine function. Studies of food consumption

o d;

e function,

Parenterally administered monosodi-
2 htamate  (MSG) produces an
- decenerative lesion in the inner
t41 of normal neonatal mice (/7).
1t3ugh the acute lesion has been de-
hed both light and electron micro-
viitally (2) and several biochemical
~aneters have been studied (3), the
#ofc mechanisms underlying the
“tof MSG on retinal neurons have
“ been definitively clarified. That
U treatment might have a similar
;tittrious cffect on neurons in other
i of the central nervous system
:"N8$) has apparently not been con-
~ted. A suspicion that hypothalamic
a1 might be associated with glu-
“ule trestment was aroused by the
<hation that several months after
ot mice were treated with glu-
{3t for purposes of inducing retinal
i “alogy (4), they became quite

. Data establishing that glutamate
f

1
%
i
i
]
i
b
!

siment does induce brain lesions are
i*% presented, and a preliminary char-
;- wiration is given of a syndrome re-
‘s from glutamate  treatment
;°~h features obesity as its most
-Eng characteristic.

Y litters of Swiss albino mice, 2

o

-

]
!
‘i
g
i

Ly 1569

e fo demonstrate hyperphagia to explain the obesity. It is postulated that the
“tsyndrome represents a nudtifaceted neuroendocrine disturbance arising from
sruption of developing neural centers concerned in the mediation of endo-

to 9 days old, were Killed from 1 to
48 hours ufter a single subcutancous
injection of MSG (dosages varied from
0.5 to 4 mg/g), and brains were ex-
amined by light microscopy for acute
pathology. Brain lesions characterized
by intracellular edema and neuronal
necrosis developed within a few hours
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i
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§
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of treatment at every dose tested, in-
cluding 0.5 mg/g (Fig. 1a). Certain
located in a paramedian
plane and bordering on the roof and
floor of the third ventricle werce prefer-
entially affected. At the base of the
brain, preoptic and arcuate nuclei of
the hypothalamus were selectively de-
stroyed along with scattered neurons
within the median eminence (nuclei
tubcrales). No acute changes were
found in other hypothalamic areas or
in the pituitary. Dorsally, the subcom-
missural and subfornical organs and
neuronal groups contiguous with them
were involved, including the medial
habenular nuclei and neurons of the
rostral hippocampus (dentate gyrus).
Acute lesions were also found in brains
of adult mice given high doses (5 to
7 mg/g) of MSG subcutaneously (Fig.
1b). Whether lower dosages than those
tested might induce neuronal pathology
in either the immature or mature CNS
requires further systematic investiga-
tion. Brain lesions were also found in
the CS7BL/6 strain of mice and in
albino rats after MSG treatment in the
neonatal period.

To study the possibility of long-
range cffects accruing from glutamate
treatment of the neonate I followed
five litters of Swiss albino mice, con-
sisting of 38 healthy animals, from
birth to 9 months of age. Twenty ani-
mals received subcutaneous injections
of MSG daily from 1 to 10 days
after birth, according to a dose sched-
ule described by Cohen (4); 18 con-
trols received no treatment. All animals
werc weighed individually on a weekly

f‘a‘;v«.m\-,- - e

Fig. 1. (a) Section through hypothalamus of 5-day-old Swiss albino mouse showing
lesion formation 3 hours after a subcutaneous dose of MSG (I mg/g). Scattered
neurons in the median eminence (AE) are necrotic with bloated cytoplasm  and
pyknotic nuclei. The majority of neurons in the arcuate nuclei (4R) are necrotic, but
those of the ventromedial nuclei (V4f) are unaffected (X 100). (b) Section through
hypothulamus of adult C57BL/6 mouse 3 hours after a subcutancous dose of MSG
(6 mg/g). The arcuate nuclei (AR) are completely destroved along with neuronal
constituents in the median eminence (AE). Capillary lumina are gmpty and widely
dilated because this animal was killed by perfusion of glutaraldehyvde through the

ascending aorta (x 115).
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! Obesity, the most striking clinical
‘raifestation of MSG treatment, has
"ken produced experimentally in mice
svaled with two other chemical com-
punds, gold thioglucose (GTG) (6)
; d bipiperidyl mustard (7). In each
t tse, however, animals were treated in
 sulthood, lesions were reported in the
! watromedial nucleus (“satiety center™)
i A the hypothalamus, and treated ani-
 Bils were considered hyperphagic. In
b Bat hypothalamic lesions in MSG-
{ baated animals routinely spared ventro-
“eedial nuclei and these animals were
wasistently hypophagic by comparison
with littermate controls, a mechanism
¢her than appelite disturbance must
% considered. Whether a regulatory
. mhanism affecting fat metabolism in
ile mouse can be localized to the arcu-
ve nucleus, or other brain areas selec-
Wwely destroyed by MSG  treatment,
taires further study,

The assuinption that MSG is an en-
“tzly innocuous substance for human
wasumption has been questioned re-
untly in view of its role in the Chinese
fslagrant syndrome (8). The finding
it neuronal nccrosis can be induced
"@ e immature mouse brain by 0.5
“fig/g of MSG raises the more specific
juestion whether there is any risk to
the developing human nervous system
¥ maternal use of MSG during preg-
wncy. The primate placenta maintains
wmino acids in consistently higher con-
teatrations in the fetal circulation than
“we found in the maternal circulation,
te ratio for glutamic acid being great-
¢ than 2:1 (9). In fact, when high

doscs of phenylalanine were given to a
pregnant rhesus monkey, the ratio of
mother to fetus for this amino acid re-
mained unchanged so that exceedingly
high fetal blood levels resulted (9).
The possibility that brain lesions could
occur in the developing primate em-
bryo in response to increased glutamic
acid concentrations in the maternal cir-
culation, therefore, warsants investiga-
tion.

JouN W. OLNEY
Department of Psychiatry, Washington
University School of Medicine,
St. Louis, Missouri
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Brain Lesions in an Infant Rhesus Monkey
Treated with Monosodium Glutamate

Abstract. In an infant rhesus monke
ously administered monosodinm glutar

monosodium glutamate was used. the
Servation period during whicli time

y brain danhgc resulted from subcutans
nate. Although a relatively high dose o
infant was asvmptomatic for a 3-hour ok
hiypothalamic neurons were undergoing ¢

process of acute cell death. With the clectron micrescope it was observed the

dendrites and cell bodies

of newrons are the tissue coinponents primarily affected

in brain damage induced by monosodiim glurtamate.

Susceptibility of the developing cen-
tral nervous system 1o damage from
subcutancously  administered  mono-
soditim glutamate (MSG) has been oh-
served in cvery species of experimental
animal tested thus far—mice ., 2,

which have been studied more exlen
sively for MSG-induced brain damyy
than other specics, the lowest effectiv
dose for the baby animal (0.5 glkg
was approximately one-tenth that {x
the aduit (5 g/kg) (2). Addmiony

rats (2, 3), and rabbits (). In mice, studies are necded to clarify mechs

ams underlying the MSG effect and

s cucidate the basis of enhanced vul- -

Rubility on the part of the immature
oeus system. In the meantime, the
wnlion arises whether glutamate could
ke an occult, etiologic involvement in
#f of the ‘unexplained brain dumage
sadromes occurring in the course of
Yaan ontogenesis and whether the

Hibespread practice of feeding gluta-

mateenriched diets to human infants

‘%3 wise one (5). The feasibility of
Audying these questions in the primate

#suggested by our evidence that the
slant rhesus monkey (Macaca mulata)
A susceptible to  glutamate-induced

kain damage,

Our report is bused on only one tcslw
subject because we were unable to ob-:
tain additional baby monkeys at this
time. However, the pattern of neuronal
necrosis induced in the hypothatamus
of cxperimental animals by MSG s
highty selective for certain cell types
and has a very distinctive appearance.
Furthermore, as a frame of reference,
we have extensive light and clectron
microscopic data perlaining to the cvo-
lution of this type of lesion in the
retina (6) and _the hypothalumus (7)
of numecrous rats and mice. The fact
that the muargins of the MSG lesion
are sharply demarcated was helpful
for evaluating fixation variables with the
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s clectron microscope because normal, | i ;; ﬂ : }
well-fixed cells of every kind typical for : H : .
F a given region could be examined, just ; N
i f, beyond the margin of the lesion, for ! oo 5
t comparison with degenerating  cells E e o g
within the damaged area. ’f;
P We separated an infant rhesus mon- ; g
{ ; key trom its mother 8 hours after birth} 3
the infant was an alert, healthy-appear- :
- ing male with an active cry and appro- ;
3 ‘ priate spontancous motor activity. How- ;
' ever, it weighed only 260 g and mea- ;
sured 16.5 cm from crown to rump,
P so that, judged by size, it would prob- :
i ably be classified as a premature infant :
(8). Glutavene, a commercially avail- §
~ able preparation of MSG in 25 percent r‘
{ ' aqueous  solution, was injected sub- ‘ } -
: cutaneously in a volume of 2.8 ml, the 1 e e A -
total dose being 0.7 g or 2.7 g per !} 3 .
~ kilogram of body weight. The treated ¢l ,%’??“T‘:\ :
. infant was then held and cared for e

vided with food} for a 3-hour observa-
tion period; during this time there were
no manifestations of a centrul nervous
system disturbancé. Three hours after
~ . treatment the infant was given 1 mg
{ : * of Sernylan (Parke, Davis) intra-
‘ ~muscularly, which provided excellent
anesthesia characterized by o deep sleep
with loss of responsiveness to painful
stimuli but with retention of full rhyth-
mical respirations. Thoracotomy was
F : then performed so that a cannula could
1
F
4
t.

;
in a maternal manner (but not pro- |
i
L

M

PO ——

be clamped into the ascending aorta,

Fig. 1 (top). Cross section of the ventral
hypothalamus cutting through the infun- !
dibular stalk. The lesion (LES) affects
the periventricular-arcuate regions bilater-
ally, giving these areas a rarefied appear-
ance. A “Swiss cheese effect” is created by
the dilutation of dendritic processes. The :
larger holes and open spaces are dilated {

blood  vessels resulting  from  perfusion !
fixation (x 50).

R ”

L., ' OCTORER 1969

Fig. 2 (bottom left). An electron micro- iﬁ
griph showing a massively dilated den- '
dritic process () in synaptic contact with
A normal-appearing axon terminal (a).
The internal content of the -dendrite con-
sists  primarily  of diffusely  distributed
particulate debris. The axon is not swollen

,a.m‘

)

s

~ and contains numerous synaptic vessicles
b and normal-appearing mitochondria (X
L 10,300).

Fig. 3 (bottom right). An electron micro-
r‘ graph of two degenerating neurons {(a and
E : b)Y illustrating alteration of nuclear chro-

matin pattern (arrow, a) and disintegra-
' tion of cytoplasmic components. The mem-
brane system comprising the endoplasmic
retictlum  has degcneruled. beyond recog-
nition and mitochondria have either rup-
tured or become completely spherical (X

~ 6000),
£ Y
387
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and perfusion of the brain was begun
within 30 seconds. The peffusate con-

sisted of 3 percent glutaraldehyde in-

0.1M cacodylate bufler and 0.02 per-
cent CaCl,. After 20 minutes of perfu-
sion, the brain, pituitary gland, eyes, and
optic nerves were removed and placed
in jars containing the perfusion fluid.
Areas of special intercst were dissected
out from these tissues which were then
fixed further in osmium tetroxide for
2 hours, dehydrated in graded ethanols,
and embedded in Araldite after. an
intermediate stage in toluene. Sections
1 pm thick were cut with glass knives
(0.95 cm) and stained for light mi-
croscopy (9). Sites of lesion formation
identified by light microscopy were ex-
amined with the clectron microscope in
ultrathin scctions prepared from the
same block.

A lesion affecting the periventricular-
arcuate region of the hypothalamus and
essentially identical in light microscopic
appearance to the form of pathology
seen in mouse brain after MSG treat-
ment (2, 7) was readily apparent (Fig.
1). FElectron microscopic examination
established that the cellular constituents
primarily affected were dendrites and
cell bodics of neurons. Many synaptic
complexes could be found in which
the postsynaptic (dendritic) component
was massively dilated (Fig. 2). These
processes were either empty or con-
tained degenerating organclles and dif-
fuscly distributed particulate debris, The
presynaptic  component  (axonal)  of
such complexes was usually unaffected,
as were axon bundles passing through
the region of injury. Many neuronal
ceil bodies were swollen with intra-
cellular edema and, in some, the cvto-
plasmic organclles appeared to have
undergone a lIytic process, white nuclei
showed marked alterations in chroma-
tin pattern (Fig. 3). A mild intracel-
lufar edema of the ependyma was evi-
dent, but this was not accompanied by
degenerative changes in either nuclei or
intracellular organelles, and no aitera-
tions were noted -in the appearance of
junctional complexes between epen-
dymal cells. No structural alierations
were detected in glial or vascular com-
ponents to suggest involvement of these
elements in the pathologicil process.

The lack of symptoms in this primate
infant during the time when a small
percentage of its brain cells were being
destroyed is evidence of a subtle proc-
ess of brain demage in the develop-
mental period, which could easily go
unrecognized were it to occur in the

388

" glutamic

human infant under routine circum-
stances. However, a high dose of MSG
was used to produce brain damage in
this nconatal monkey, and it was ad-
ministered by the subcutaneous rather
than oral route. Thus, while we have
demonstrated susceptibility of a pri-
mate species to the mechanism of the
glutamate effect, it remains to be scen
whether this mechanism can be trig-
gered by any set of naturally occurring
circumstances. Presumably, an clevated
blood concentration of glutamic acid
IS an important prerequisite to lesion
formation.

In attempting to evaluate the risk of
acid blood concentrations
rising high cnough to produce brain
damuage in the human infant, it is im-
portant to recognize that the oral
dose of MSG is but onc among several
potential  determinants  of  glutamic
acid concentrations in the blood. Other
factors, such as circadian periodicity
(10), viral infection (Z1), immaturity
of enzyme systems, rapid absorption
from an empty gastrointestinal tract,
and individual variations in metabolic
capubitities could act in concert with
a high glutamate diet to produce much
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higher concentrations of glutamic acit
in an infant’s blood than might be e
pected were such factors overlooked.
Joun W, Ouvk
LAWRENCE G. SHirp
Department of Psvchiatry, .
Washington University School of
Medicine, St. Louis, Missouri 63110
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Lowe and Zavon raise questions con-
cerning specificity of glutamate-induced
brain damage, doses, routes of admin-
istration, and absorption of glutamate
from the gastrointestinal tract. We
share ‘their interest in these questions
and in order to explore them (I, 2) have
conducted experiments in several hun-
dred infant mice. Although not gath-
ered on infant monkeys, these data
may be of value in interpreting our in-
. fant monkey experiment (3) and in
! guiding future glutamatc research with
i other preciously scarce primate infants.

In studies designed to investigate
specificity and mechanism of action (2),
mice (10 days old) were given (by feed-
ing tube) chromatographically pure
glutamic acid (¢, 5) (1 g/kg); this dose
consistently induced a process of necro-

13 FEBRUARY 1970

sis in hypothalamic neurons which was
indistinguishable” by electron micro-
scopic examination from the neuronal
pathology observed in the infant rhesus
monkey treated with monosodium glu-
tamate (3). Doses of sodium chloride as
high as 8§ g/kg (25 times the sadium
content of monosodium glutamate at
1.0 g“/kg) rendered infant mice nearly
prostrate over a 4-hour observation pe-
riod but resulted in no pathological
alterations in hypothalamic or retinal
ncurons. Monosodium glutarate, which
differs from monosodium glutamate
only in that it has no amino group,
induced no changes in hypothalamic or
retinal neurons at 5 g/kg (5). The ma-
jority of amino acids tested induced no
detectable changes in hypothalamic or
retinal neurons at 3 g/kg (L-serine, t.-
glycine, p-alanine, brL-methionine, t-
phenylatanine, L-proline, 1r-leucine, L-
arginine, and r-lysine). Striking lesions
did appear, however, in both the hy-
pothalamus and inner retina after cither
oral or subcutancous administration of
sodium r-aspartate, sodium DL-a-ami-
noadipate, and b-cysticne. These find-
ings suggest that the phenomenon of
glutamate-induced brain damage to the
immature central nervous system is not
exclusively specific to glutamate but
may he specific to a select group of
compounds identified by others as hav-
ing neuroexcitatory properties in vivo
(6) and the ability to depolarize neural
membranes in vitro (7).

When ~ 10-day-old mice were fed
monosodium glutamate in 10 percent
aqueous solution by tube (2), hypo-
thalamic damage occurred in 54 per-
cent of 24 animals treated at doses of
0.5 g/kg and in 100 percent of 19 ani-
mals receiving 1.0 g/kg. In the same
feeding experiments, a 0.5 g/kg dosc of
glutamate in combination with a 0.5 g/
kg dose of aspartate resulted consistent-
ly in more severe hypothalamic damage
than that induced by a 0.5 g/kg dose
of either compound alone. Blood giu-
tamate curves monitored in 23 tube-fed
infant mice (8) indicate that oral intake
of monosodium glutamate in doses of
Q.5 to 1 g/kg produces high concentra-
tions of glutamate in the blood, often ex-
ceeding S0 mg/100 ml by 15 to 30
minutes but returning to base-line val-
ues, in the range of 5§ myg/ 100 ml, with-
in 2 hours. '

Lowe infers that 2.7 g/kg, the high

~dose of monosodium glutamate that we

administered to test susceptibility in an
infant monkey, represents an estimate
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of lowest effective dose. The only data
on Jowest effective dose that we are
aware of arc those for the mouse (2).
Lowe’s 20-jar margin of safety would
become much narrower if he were to
base his calculations on the lowest ef-
fective dose that we found in the infant
mouse (0.5 g/kg). Lowe correctly points
out that, until recently, some glutamate-
rich strained baby food (4'2 oz. jars)
was supplemented with glutamate (615
mg) (9). In his calculation of risk, how-
ever, Lowe considered only the added
glutamate. Moreover, it is uncertain,
because unstudied, whether food with a
high naturul glutamate content (or glu-
tamate plus aspartate content) imparts
enhanced risk. and therefore calcula-
tions which ignore such fundamental
considerdtions may not be valid. The
weikness in Lowe's “obviously . . . no
. . . risk” position, and in the position
of others who have made similar pro-
nouncements (/0), is in the complete
absence of supporting relevant experi-
mental evidence, Glutamate was estab-
lished years ago as a safe food additive
by “expert” opinion and was introduced
into baby foods without any safety
tests being run on infant unimals of any
species. The question of safety would
not have become an issue if experi-
mental cvidence rather than a priori
assumption had been relied upon in the
first place.
JoUN W, OLNEY

LAWRENCE G. SHARPE
Department of Psychiatry,
Washington University School
of Medicine,
St. Louis, Missouri 63110
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Brain Damage in Infant Mice following:
Oral Intake of Glutamate, Aspartate or
Cysteine

SrriNg  degenerative changes in the infant mouse
retina after subeutancous treatment with monosedium
glutawnato (MSG) were roported by Lucas and Newhonso
in 1957, Other studies®-$ cstablished that the process of
retinal degencration induced by MSG treatment is a
remackably  acute and  irreversible forn of neuronal
pathology. Recently it was found that o sumilar process of
acute neuronal necrosis oceurs in several regions of the
infant mouse brain after subcutancous treatment with
ML and that annnals treated with high doses in infiney
tend 16 yanifest obesity and nearoendnerine disturbances
ax adults?® "T'he arenate nuclous of the hypothalunius is
an area particularly vulneruble to glutamate indueed
damigre icinfant animals of several species (mice and rats?,
rabluts and chicks and the rhesus monkey?). Tn niee,
whueh have been studied more extensively for Mst
induced  disturbances than other spocies, the intant
antmal sutfered hyvpothabanie damage from a relatively
o subcutancous dose (043 g/kg of hody weight)?,

Table 1
Neerptie

Test copound Phise Nuuter Number  hypothodaaie
g, kuy treated atlvceted I TGRS

Intalatert, 1o treatment —- H 4] i
MG Ho U tt
Mau . 28 12 .
ALSG () 1 ’ 13 13
Al =td 1 () i 3 20
M~ . 20 T 7 14
L-Ghnumic acid jRIT 4 Y 23
Minosedian L-aspartate 1-G0 4 R ]
L-Glatamate Laspottite O L0 000 N ~ ?7
Motewadinm-ghitrate K0 4 o [}
Nati S + v 1}
LeGlyeine KR 2 u ]
SL-Serine B0 B4 1} 1]
L- Abiiae KEHH 2 0 0
r-Leueine RALT] i (1 0
pr-Methionine 310 2 u 1}
L-Phenybalanine 300 2 (1] 0

3-00 2 @ 0

Su0 2 1] 0

hE 2 {2 i}

300 4 4 o7

Fach of the lsred compornds was given in 10 per cent agueous sobution
crept Leghutiamie aeid, L-leacive, pL-methiotine and L-phenyldanite wha by
were Ziven i ent vpereus gelution because of their poor ~clubility
in water, bie arve vodume of Auid was oo ded toJdeliver hich doses aof
f-lowetne, b-wethioine and L-phenyl ne, ondy bl the duse wis givea
orally @l the reainder suibvntabeous All ot the arther compotinds were
piven crally. donrees of Leintataie actd and MSG were purity elirched by
thee Boer eheonrtograply, Fivares in the neerotic by pothadamic beitone
colittnt tepresent averes 1or each dose level,

Beeause of the widespread practice of weaning hunian
infunuts on foods which arve not only rich in natwral gluta-
mate content bhut may contain substintial quantitios of
ghutanate (MSG) added for thavouring, it is impertant
to establish whether dinuigo to the intant central nervous
~vstem could Tollow from oral as well as from pacents eal
advunistration of glutamate!? We desertbe here experi-
ments which demonstiate hypothalamic darage in infina
mice feliowing relatively low oral doses of glutinaate,
il also report that orally administered aspatate and
cysteme can indoeo retinal and hypothalamic danaye.

Seventy-tive Websier Swiss albine wnee, 10 to 12 days
old. wer given singhe oral doses of a 10 per cent agieons
solution of MSC at one of 3 dose levels (0225, 05, 75, 1o
or 220 ¢ ke Tenceoutrol annmals were intubated hut given
no treatment. and an wdditional 46 were given singele oral
doses of other test compounds. as shown i Table L
Aveurate dosage control was ecusured by use of an nnpro-
vised flexible gastrie tube imserted gently through tha
mouth aud oesophagns inta the stomael, About 8 h after
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Fig. 1. A, Section throngh areuate noel us care) of hypothalamag from untreated 10 dav ol monse. The tissue is well preserved by

perfusiog fixation and ne sigos of evtomthology are evident, oy spaer-

B, Section thaouzh arcuate nucleus (are) €

treatment, cach animal was annesthetized with elloral
hydrato and killed by perfusion fixation ol the central
nervous system with 15 per cont ghhtiualdelivde and 1
per cent paraformaldehyde in 001 M eacodylate buffer.

After 15 min of perfusion, the retinns and briun areas of

mterest were - further fixed in osmivm tetroxude and
processed by o tochmigque  deseribed elsewhered which
permts alternative examination ot any specimen by
cither light or olectron mieroscopy.  To provide a rough
estunato of the severity of brain damage at varions dose
Irvels, the hypothalamus of each animal was seetioned
from s rostral (pre-optic) to caudal (post-infundibular)
extent and necrotic newrones were counted in a repre-
=entative section (1 pm thiek) cutting across the arcuate

Cnueleus at its fovel of maximal damage.

No evidence of cellular pathology was detected in the
arcuate nuclei of any of the ten untreated control animals
aran any of the tencanimals treated with MSG at 0-25 gfkyr
(Table 1), Of the twenty-three animals given 045 giky
duses of MSG, twelve (52 per cont) sutlered hypothalamic
damage; and of sixteen anunals treated at 075 g/ke.
thirteen (81 per cent) were affected.  Ninceteen animals
(100 per cent) treated at 1 gzkg and seven (100 per cent)
treated with 2 ¢ ke doveloped arenate lesions.  Neerotie
nenrone counts retlected  considerable individoaal vari-
ability in responsc to MS(r at any given dose levell Bat a
comparison of averago counts at cach dose level revealed
t consstent. dose response relationship (Table 1), Brain
sections from an untreated contral ammal aud from an
animal treated with MSG at 1 gikg are illustrated in
ieo 1.4 and B.

We also found that o 1 g/kg dose of clutamic acd
destroyed approximately {the same ummber of hypothala-
mic neurones as a comparable do=e of MSG. bat neither
soclinty ehloride nor sodiam glatarade aftected hypothala.
mic nearones at 3 p/ke. Most aminn-acids tested (see
Table 1) also finiled to produce hypothalaie damage at
3 ok Aspartate and eysteine, however, were striking
exeeptions because  caeli animal  treated stk these

compounds  developed both retinal sl hvpothalamie -
festons which seemed identical to those which are usually -

romn i0 diay obl monse teeated oraliy
celts in the aretate region ot this seetion, ((x 1303,

are bload vessels dilated by perfusion fixation (» 1500,
ith Mati, 1 g ke, There are approximately 33 necrotie

found after treatment with MSG. Tho possibility 1
glutaunate and aspariate are additive in their toxic o
was suggested by the observation that every one of v
animals treated orally with a mixture of MSG (¢34,
and sodian aepartate (9-5 grkg) developed a digne
hypothalamie damage characteristieally scen in qnn.,.
treated with either agent at 1 g'kg (Lablo 1).

Curtis® nnd others have found that glatamate, aspas
and cysteine comprise a scleet group of amino-acud. -
“neuroexcitatory © amino-acids)  which  ean depele -
nerve membranes.  Whether the striking ability of «
seleet group of componnds to imduee neuronal nee.
in the immature central nervous system relates to
ability to depolavize nerve membranes needs fur
study.

Because glutamate is o naturally oecurring consti.-
of dietary protein there has been little tendeney to gues
its safoty for hwnan infant consumption.  But, i . -
experiinents, both glutaiate and aspartate are tove
the infint mouse at relatively low levels of oral g
and, when taken together, these common aminog,.
have an additive bratn damaging cffeet. Contra, -
conclugions which others have reached from studis
adult animaals’? theso experiments with tulie fod it .
animals raise serious questions concerning the ady, |
bility of supplementing the human infant diet v,
S
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Effect of Amino Acid Intake wpon Serum Cholesterol in
Man. Rosexr E. Ovsox,* Mictox Z. NIcHAMAN,
Juprrn NITTRA, AND LAKELES Doruax, Pittsburgh,
Pa.

It has been shown that fow protein diets (25 g per day)
containing 36% of calories from relatively saturated fat
induce a fall in serum cholesterol of 205 in human sub-
jects (Olson and associates, Amer. J. clin. Nutr. 1938, 8,
310). Supplementation of this diet with single amino
acids produced no consistent response. The effect of
various pure l-amino acid mixtures was, therefore, stud-
ied to afford better control of the amino acid intake. For
4 weeks four male subjects were fed a control diet con-
taining 100 g of protein, 36%% of calories from fat, and all
of the essential nutrients. Linolexte supplied 47% of total
calories. Each subject was then given a formula diet
containing either all of the l-amino acids in the same
proportions as in the control protein mixture or  diet
containing the ecight essentizl amino acids in adequate
amounts plus glutamate as a source of noncssential njtro-
gen for 3 to 4 weeks. The caloric value and fat content
of these dicts were kept constant. The contro! diet was
refed at the end of the experimental period. We found
that when all the amino acids were fed, there was no
significant change in serum lipids or _beta-lipoproteins
from control values. When eight essential amino acids
plus glutamate were fed, however, serum cholesterol fell
37 mg per 100 mi, phosphatides 19 mg per 100 ml, and
I)eta-lipopmtcins 73 g per 100 mh. Triglycerides actu-
ally increased 49 mg per 100 ml. Al subjects remained in
nitrogen balance during all experimental periods, showing
that the bypulipidemic cffect is not due to nitragen
imhalance, These data suzgest that the formation of beta-
lipoproteins by the liver is a function of the nonesseutinl
as well as the essential amino acid nitrogen in the dict.

et
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Oral and Subcutaneous
Administration of Monosodium
Glutamate to Infant Rodents

and Dogs

ReporTs by Olney' and Olney and Sharpe? implicate mono-
sodium glutamate (MSG) as a specific central nervous system
toxicant in infant unimals. Within a few hours, subcutancous
and oral doses of between 0.5 and 5 g/kg body weight produced
intracellular oedema and neuronal necrosis in the paramedian
planc bordering on the roof and floor of the third ventricle.
Preoptic and arcuate nuclei of the hypothalamus were reported
to be sclectively affected, as well as the scattered neurones
within the median eminence (nuclei tuberales). In mice given
similar doscs of MSG in infuncy and allowed "to grow to

maturity, excessive weight gains were reported after 60 days. .

The Olney studies and the inference of potential risk from the
use of monosodium glutamate as a seasoning agent have been
the subject of polemical communications® - and are under
review by a committee of the National Academy of Sciences—
National Rescarch Council.

In comparative toxicological studies on rats (FDRL-Wistar
derived), muce (CS7BI/6J), and beagles, we used appropriate
controls with respect to both test materials and routes of
administration. Except for the parent mice which were obtained

from a commercial breeder, afl animals were bred in the FDRL

colony.  Single doses were given either subcutanzously or
orally at precise times after parturition to reproduce this phase
of-the Olney experiments. Solutions of MSG, monopotassium
ghitamate, sodium chloride, sodium gluconate, and distitled
water were administered by both rouies. Recognition was thus
given to the role of both the sodium and glutamate moieties
to the completely ionizable salt, sodium chloride, and to the
less completely jonizable sodium gluconate. All doses were
administered in 10°, (w/v) aqueous solutions,

One series of mice and rats included 3 day old animals killed
24 h after single oral or sibcutaneous doses administered
between 1000 and 1200 h. Groups of five animals were used

-for each experimental treatment.
; - X
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Fig. 1 Transverse (x 60) scctions, stained with haematoxylin
and eosin through the hypothalamus at the level of the median
eminence and arcuate nuclei. They represent 12 day old mice
which received orally (left) or subcutancously (right}) monoso-
dium glutamate (K and L), sodium chloride (M and N), sodium
gluconate (O and P), monopotassiom glutamate (Q and R)
and water (S and T). These photomicrographs are characteristic
of the findings in mice, tats and dogs at both levels (sec text).
The essential feature is the normal appearance and distribu-
tion of the neurones. T is an example of focal vacuolization
of the ependyma! cells, in 12 day old mice dosed subcutaneously
with water. In K iz arcuate nucleus has three small vacuolar
spaces which, however, appear at higher power to be exira-
cellular and may be artefacts.  Similar changes can be found
occasionally in almost all animals,

5530°
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The age of the animals was taken into account inasmuch as
MSG has been used as a food additive in baby foods. The
period of introduction of “solid™ foods into the diet of babies
was reflected in a second series of rodents which were treated
with a single dosc at 12 days of age and autopsicd 24 h later.
At about 2 weeks of age, rats and mice begin to eat laboraton
chow as well as taking maternal milk. The infant dog begins
to ingest solid food after about 4 weeks and so for the beagles
another serics of experiments was started with single doses
given at this time. The assignment of animals to treatment
groups is shown in Table 1.

Mice and rats were autopsied after rapid anaesthetization
with cther.  Because neonatal and infant tissues are softer,
it was possible to expose the brain, bisect it into right and left
halves and remove it into fixative within 1-2 min. A further
-2 min was nceded to take multiple needle biopsies from the
medial surface of the right half, through the areas of the
pituitary base. These hiopsy tissues and one eye were fixed in
3 per cent glutaraldehyde and subsequently stored in phosphate
bufler at 4” €. The other eye was fixed in Zenker’s fluid. The
left half of the brain was fixed in 107, neutral bufTered formatlin,
embedded in paraflin and 6 pum sections were cut from the
region of interest.  Transverse (coronal) sections, which bes
exhibit the target site, were taken from all but a few of the
animals.  Between twenty and forty sections were examined
from most animals,

For preservation, dog brain was perfused intravascularly with
3°5 glutaraldehyde for 5-20 min.  Needle biopsies from half
or, more recently, thin slices through the floor of the third
ventricle were removed and, together with retina and nerve of

“one eye, were further fixed in glutaraldehyde and stored in

phosphate buffer at 4” C. For light microscopy, the standard
haematoxylin-cosin staining procedure was used. A minimum
of ten scetions per animal was examined. Where lesions were
found, the glutaraldehyde-fixed tissues were examined by
electron microscopy.

Examination of the 3 and 12 day old rats and mice and of
the 3 and 35 duy old dogs revealed no significant differences
among the test and control groups with respect to any of the
treatment variables—the test solutions, the routes of adminis-
tration or the age of the animals when dosed or killed. The
slides were read by two pathologists, onc of whom read the

slides blind, and who agreed in their observations and inter-

pretations,

The tissue changes observed in most of the brain section
consisted of occasional small ncurones with pyknosis or large
cytoplasmic vacuoles and a sparse scattering of cells, pre-
sumably macrophagic or inflammatory, typified by distinct
eosinophilic cytoplasm and variable numbers of nuclear lobes
or nuclear fragments of various sizes. They were more apparent
in 3 day old animals in which neuronolysis and neurono-
phagia were also found occasionally. The incidence of these
changes, however, was not related to treatment nor were they
sclectively localized. They seemed to be related to the rapidity
of growth of the neonatal brain.  Fig. 1 is representative of the
obsecrvations in the oral and subcutaneous studics for each of
the five dosing variables of the 12 day old young receiving the
1 g/kg dose of their respective test materials.

Monosodium glutamate, monopatassium glutamate, sodium
chloride, and sodiwm gluconate at | g/kgina 10°4 w/v solution
(and comparable volumes of distilled water) were administered
orally and subcutancously to mice and rats at 3 or 12 davs
of age and to dogs at 3 or 35 days of age and. the animals
were kilied within 24 h of dosage.

Examination of the eyes and of the preoptic and arcuate
nuclei of the hypothulamus by two pathologists revealed no
dose-related histomorphological effects in any of the test
groups at cither of the two ages selected to correspond to the
periods before and at the beginning of solid food intake. We
offer no explanation for the fact that the observations here
reported do not confinn those of Olney and of Oiney and
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r Table 1 Assignment of Animals to Troatment Groups
r Mode of Mice Rats Dogs
‘ Material administration®* 3 days 12 days 3 days 12 days 3 days 35 days
b 24 h 24 h ih 24 h lh 24 h -

Monosodium Oral 5 5 5 5 1 2 1 2
] glutumate Subcutancous 5 5 5 5 1 2 i 2
: Sodium Oral 5 5 S 5 1 2 1 2
- chloride Subcutancous 5 5 5 5 1 2 1 2

Sodium Oral 5 5 5 § 1 2 1 2
B gluconate Subcutancous 5 s 5 5 1 2 1 2
» Potassium .. Oral S 5 5 5 | 2 1 2

i glutamate Subcutaneous 5 5 5 5 1 2 1 2
- - Water’ Oral S 5 5 5 1 2 1 2
B Subcutaneous S 5 5 5 1 2 ] 2
*Single doses of sterile 10% solutions of each (10 ml./kg body weight).

H -

Sharpe after single doses of monosodium glutamate adminis-
tered subcutancously or orally to infant rats and mice.

We thank Dr Raymond A. Clasen for his advice and help in
the examination of slides.
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ELEVATION OF PLASMA GLUTAMATE IN GOUT*

Its Possible Role in the Pathogenesis of Hyperuricemia

ANTHONY S, Pacriara, MDD asp AL Davin Goobaax, M.D.

Abstract Fasting plasma glutamate concentration
in 36 patients with gout was 65 = 4 mumoles per
milliliter (z SE), and in 26 normal subjects it was
40 = 3 (p less than 0.001). In 16 of the 36 patients
fasting plasma glutamate was more than two standard
deviations above the normal mean. After the ingestion

N a large proportion of patients aflicted with gont

there is an increase in de novo purine prodie-
tion, which probably contribntes importantly to the
“hyperaricemia in this disease.® The rate-determin-
ing step in the de novo synthesis of purines is the
reaction of glutumine with 3-phosphoribosyl PyYro-
phosphate to form 3-phosphoribosvlamine (Fie, 1)
It has been suggested that the intracelnlar concen-
tration of glutamine alfects the rate of this reaction,

LT HOSERGRTE S8 L1 -PYRGPROSFHATE

STOEC A 4 ctaegies o

GLeTaraT ¢
Wit ST e arn

LeN Aemn

- \\
[ SR GLUCHSE

FIGURE 1, Redertion of Glutamine aud Ghutamate to the Broswntliea

of Purines,
and that the enhanced purine production in wout
may bhe sccondary to an increase in this amino
acid.t The fasting Tevel of plasma whitaniine is not
higher in gout,? but this does not exclude the POSSi-
bility of an increase in intracellular ¢hitamine.

The consideration  that  intracellular  slutamine
may be elevated in gout has led us to. investicate
whether there might be an underlving increase in
glutanmtv, I)e(-zm.so glutamate is the MQjor precursor
of glutamine.® In the present study we have meas-
wred plasma ghitamate, glutunine and a-amino ni-
trogen in normal and gouty pationts in the fasting
state and after an oral, casein load,

PATIENTS AND METHODS
Patients
The control group consisted of 26 male subjects

.

*From the Division of Endocrinology and Metabolism. Department
of Medicine. Atbany Medical College faddress reprint sequests o Dy,
Goodman at Albany Medical College. Albany, N.Y. 12208), -

Supported by a research grant (AAM-09232) from the United States
Public Health Service (this study was done while Dr. Paghara was
Daland Fellow of the American Philosophical Sociery), '

of casein (0.5 gm per kilogram of body weight) plasma
glutamate reached excessively high levels in the group
with gout. Plasma glutamine and a-amino nitrogen
were normal, both in the fasting state and after casein
ingestion. The increase in glutamate may be causally
related to the overproduction of purines in gout.

who had normal serum arie acid and did not have a
history suggestive of gout. Seventeen were ambula-
tory and healthy, and nine were hospital patients
with o variety of illnesses. .

The gouty group consisted of seven patients with
assmptonmatic hyperuricemia, and 29 who had had
outy wwthritis and who had been found at some
time to have hyperuricemia, Twentv-five of the pi-
tients with gout were ambulatory, and 11 were
studicd while hospitalized for o variety of illnesses.
None had neoplstic disease, polvevthemia or renal
insufliciency: Twentv-two were taking allopurinol,
probenecid or colchicine.

The wmean age was 31 = 2 vears (ZSE) in the con-

“trol wronp and 31 * 2 iy the aroup with gout. Mean

weight of the control group was 180 = 6 poands, as
IST = 5 in the patients with gout.
Blood urea nitrozen wnd fasting blood suear were
within normal Hmite in all the control and vouty
subjects,

comparcd to

Experimental Conditions

Venous-blood samples were obtained from both
the hyperuricemic and control subjects between 8
and Y aane after an overnicht fast. No medications
were taken on the moiing of the study. Plasma
ghitimate content was determined on all the sam-
ples, and in some Tcases plasma glutamine and
c-amino nitrogen were also measured.

In IS gouty patients and 14 control subjects, after
the initial blood sample had been drawn, 0.5 ¢
casein per kilogram of body weight was adminis-
tered orally over 10 wminutes. The cascinate? was
given as a 15 per cent solution, to which sodium
chloride in a concentration of 35 mEqg/liter and a
sl amount of vanilla llavoring were added. Blood
was obtained at 30, 60, 120 and 180 minutes for
determination of plasma ghitumate and. in some
cases. glutamine and a-amino nitrogen.

All blood samples were placed in test tubes wet-
ted with heparin, promptly immersed in ice water
and  centrifuged for 10 minutes in a refricerated
apparatus  within 15 minutes  after venipuncture.
The plasma was then sepuarated and kept at 1°C for
a maximum of three hours. For determination of

TRindly provided as Casee by Mead Johnson Laboratories, Evans-
ville, Ind.
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glutamate, 1 ml of plasma was deproteinized by
addition of 1 ml of 10 per cent trichloroacetic acid,
the protein-free supernatant separated by centrifuga-
tion, and the supernatant stored at —20°C. Undepro-
teinized samples  for
glutamine and a-amino nitrogen were also stored
at —20°C. All determinations were done within three
days after the blood was drawn, )

Plasma glutamate was determined in duplicate by
a previously described modification” of the enzymat-
ic fluorometric method of Graham et al® Recovery
of glutamate added to the plasma of gouty and con-
trol subjects was approxinately 97 per cent. The
glutamate content of plasma, as determined by this
method, did not rise when the plasma glutamine
was increased 300 mypanoles per milliliter by addi-
tion of glutamine, indicating that there was no
marked generation of glutamate from glutamine dur-
ing the course of the determination.

Plasma glutwnine was determined in duplicate by
the enzvmatic method of Sceaal and Wynwuarden?
The plasma “ammonia hlank”™ was determined by
measurenent of the awmmonia liberated from plas-
ma by

plasma

addition of saturated potassivm carbanate,
and this amount was subtracted frone the gnantity of
ammonia liberated by addition of saturated potas-
stum carbonate after prior incubation of the plasma
with glutaminase. Recovery of ghitamine added to
plisma of normal and hypernricemic subjects was
approximately 93 per cent.

Plasma a-amino nitrogen was determined in di-
plicate by the ninhydrin method of Fisher and his
colleagues,” and “serum wric acid by the uricuse
method of Liddle et al'

.

RESULTS

Mean fasting plasma glutamate in the 26 control
subjects was 40 = 3 mumoles per milliliter (= SE),
and in the 36 patients with gout it was 65 * 4 (p
Tess than 0.00D. In 16 of the 36 gouty patients the
plasma glutamate was more than 2 standard devia-
tions above the mean of the normat group (Fig. 2).
Mean plasma glutanate in the gouty patients taking
allopurinol, probenecid  or  colchicine  was  not
significantly different from that in the gouty patients
who untreated. In three patients  studied
both in the untreated state and after several weeks
of therapy with allopurinol, 300 mg daily, no
significant change in plasma glutamate was effected
by the therapy (Fig. 2). Plasma glutamate did not

“vary with age or weight in the control or gouty sub-
jects (Fig. 3). No significant correlation was noted
between plasma ghitamate and serum uric acid lev-
els either in the control subjects or in the untreated
hyvperuricemic pu’tients.

After ingestion™ol casein,
substantially in both control and gouty subjects, bhut
was significantly higher in the gouty group at 30,
60, 120 and 180 minutes {Table 1). Nine of the gou-
ty patients in the casein study had normal fasting

were

plasma glutamate rose

“determination of
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= e s e e ~r=
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FIGURE 3. Fasting Plasma Glutamate Levels i the Normal Sl
Jeets and in Patients with Gond.

plasma glutamate. and in three of the nine. the ab-
solute rise in plasma glutamate after casein inges -
tion was significantly greater than that observed in
the normal subjects.

Mean fasting plasma  glutamine was 387 % 30
mpmoles per milliliter in nine control subjects and
5364 = 17 in nine gouty patients (p greater than 0.1)
In none of the patients was the glutamine level:
more than two standard deviations above the normal;
mean. Plasma glutamine did not rise excessively iné
the gouty patients after casein ingestion (T
ble 2. ‘
" Mean fasting plasma a-amino nitrogen was 2.72 i{
0.13 pmoles per milliliter in the control group and:

2.57 = 0.17 in the gouty group (p greater than 0.051.4
The levels of plasma e-amino nitrogen in the t\\oé

" groups did not differ significantly after cascin inges-!

tion (Table 3).
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TABLE L. Plasma Glutamate Levels in G oury Patients and Normal Subjecty after Ingestion of Casein,

0.5 Gm per Kilogram of
Body Weight,

|

l
i
H

SURIFCTS NUMBFR Prassa GLutamare (MuMor £s/M1 x SE)
AT O Fime AT 0 AN AT 60 N AT 120 MmN AT 180 MIN
Normal persons 14 45+4 82+6 80*R 67x9 S6%5
Gouty patients 18 [ 125 {0 1269 94+ 8 838
p value <0.01 2001 < 0.001 <5).()()[ <0.01
Discussion

In the present study it was observed that in abont
half the patients with primary gout, plasma gluta-
mate was significantly clevided, suguesting the pos-
sibility of an increase in intracellular glutamate.

In view of the important role of glitamine in pu-
rine biosynthesis. it is pertinent to consider the
possible relation between the elevation of glutamate
and the overproduction of purines in gont. The rate-
limiting step in the synthesis of purines is the reac-
tion of glutamine and 5-phosphoribosy] pyrophos-

TasLE 2. Plasma Glutamine in Normal Subjecty

and Gouty Puatients

amount of ghutamine available for reaction with
PRPP. The elevation in glutamate observed in the
present study cannot be explained by the hypothe-
sis.of Gutman and Yi, since a primary decrease in
glutaminase activity would not increase formation of
glutamate.

Plasma glutamine is not increased in. gout, as
demonstrated by Segal  and Wyngaarden® and
confirmed in the present studyv, but this does not
exclude the possibility of an increase in intracellu-
lar glutamine. The concentration of this amino acid

Sumrcts Nusprr PEASMA GEUTAMINE (MpMot e¥ MU SES
AT O TiME AT 30 AN AT G0 MIN AV 20 MmN AT 180 min
Normal persons 9 587 = 30 682 38 715238 633 + 26 581 = 22
Gouty patients 9 S64 17 702 6 677 = 36 729 39 686+ 49
p value >0.08 > s >0.08 >(.05 >0.05

phate (PRPP) to form 5-phosphoribosvhunine (Fig.
I and the intracellular concentration of glutamine
may be one of the several factors that determine the
rate of this reaction and thereby regunlate the rate of
purine synthesis.? Because glutamate is' the major
precursor of glutamine,® it is paossible that in gout
there is a primary defect in glutamate metabolism
that causes accumulation of glutamate, resultant in-

is normally several times greater in the intracellular
thun in the extracellular flnid,» indicating that the
relation hetween intracellular and extracellular elha-
tamine is-not that of diffusion equilibrium. It is pos-
sible, therefore, that the intracellular concentration
of glutamine can change substantially  without an
associated change in the extracellular level *

The elevation of glutamate in gout is due almost

-wease in cellular glutamine and consequent over-

~ereased glutamine synthesis, a rise in glutamate

TABLE 3. Plusma c-4mino Nitrogen in Normal Subjects and Gouty Patients after Ingestion of Casein, 0.5 Gm/K ilogram of Body

Weighe.
SUBIECTS NuUMBER a-AMNO NITROGEN LuMotEgMi = SE)
At TiME AT MmN AT 60 AN AT 120 MIN AT 1RO MiN
Normal persons - 9 27220013 3.7120.20 166 = 0.14 3.27x0158 - 297 +20.16
Gouty patients 9 25720017 339 +0.31 3374024 3.24 x 007 277 0,17
p value >0.05 >0.08 >0.05 >0.05

>0.08

certainly to an abnormality in the metabolism of
this amino acid. rather than to impairment of uri-
nary excretion, for in normal man onlv a minute
fraction of ingested glutamate is excreted in the
urine.'™ The elevation of glutamate in gout could
be due to a decrease in activity of elutamic dehy-
drogenase (GDHD, for in a person with a normal
protein intake, the net ux of the GDH reaction is

production of purines. In addition to causing in-

would tend to promote elevation of glutamine by
mpairing its degradation, for glutamate is an inhibi-
or of glutaminase.” Inhibition of renal glutaminase
due to the elevation of glutamate could also acconnt
for the apparent decrease in renal formation of
anmonia in gout.'?

Gutman and Yii* have postulated that the primary
defect in gout may be a diminntion in glutaminase
ativity, cavsing impairment of deamidation of glu-
tamine to glutamate, and a resultant increase in the

"The fact that the intracellular concentration of certain amino acids
may be increased witheut an associated rise in the plasma level is
exemplified in cystinosis. In this disease the free cystine content of
lenhocvtes is 80 times normal. and yet plasma cystine is not in-
creased.
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probably from glutamate to a-ketogluturate. and
decrease in the activity of the enzyie would cause
accnmulation  of  clutumate. Interestinels. enouch,
adenvlie, guanylic and inosinic acids affeet the ac-
tivity of GDH in vitto.™ Fricden™ has sugeested
that the effects of these purine nucleotides on GDH
may be involved in “feedback control™ of purine
hiosynthesis, since  alterations in GDID activity
micht affect the concentration of glutnate, thereby
altering glutamine concentration and changing the
rate of purine svnthesis. Tt is of interest to speculate
whether the primary defect in some patients with
gout may be a decrcase in GDIL activity, owing to
an abuormality in the interaction between the puo-
rine nucleotides and this enzame, Clewly, this s
not the hasic defect in all patients with cout. since
Kelley et al' have demonstrated that in some pa-
tients the cause of the hyperuricemia appears to be
a deficieney in hypoxanthine-cuanine phosphoribosyl
transferase.

In contrast with our observations, Kaphm ct al.®
obscrved normal levels of plasma glutamate in coot,
but we believe that the method they emploved for
determination of glutamate was inaceurate. Using a
chromatographic method, these anthors found  fast-
ing plema chutwnate in normal males to he 1850 =
39 mumoles per milliliter (22 S, whereas with our
specific enzymatic technie we find it to be 0 = 1L
It is unlikely that our result is artifactually low, for
our meun recovery of glutamate added to plasma is
97 per cent. Furthermore. Stein and Moore,™ using
a chromatographic svstem in which the recovery of
clutmate was 100 per cent, foand mean sernm olu-
tamate in a group of normal males to he >0 2 20
muemoles per milliliter® a vidue similar o ours. A
we have elaborated elsewhere, the hicher values
obtained by Kaplan and his eolleacnes™ are proba-
blv due 1o generation of glatamate from glutamine
during storage of the plasma or during chromatog-
raphy.2! '

Kaplan et al.™ have demonstrated convincingly
that in gout there is an incrcase in the plasma con-
centration of at least nine wwino acids other than
alutamate (aspartate, glyeine. alanine. valine, isolen-

cine, leucine, tvrosine, phenvialanine and hisine).

In view of this observation. the finding in the pres-
ent study that plasma a-amino nitrogen is not ele-
vated in gout is surprising and unesphidned. Of the
nine amino acids found to be increased, the eleva-
tion of all but bvsine muy he secondary (o the in-
crease in glutamate, for all escept hvsine wre in
equilibrimm  with  glutamate thronah transunina-
tion reactions.®

We are indebied to Miss Elizabeth Sheldon and Miss Ju-,
dith Teler Tor technical assistance and o Dr. Alton 1. Steiner:
for collaboration during the initial phase of this work, !

Since sui‘nnixsi(m of this manuscript for publication, Yi et
al® have reported that in gouty patients, plasma glutamate
is clevated, and plasma glutamine and total plasma aminy
acids are normal, as measured chromatographically, Their
findings are similar 1o those reported in the present paper.
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PROTEIN HYDROLYSATES AND FLAVOR ENHANCERS

Food Ingredients Used to Improve and Intensify Flavor

Since prehistoric times man has used ingredients, now we call

them additives, enhancers, or potentiators, to improve and to

intensify the flavor of foods. Whether these ingredients were
salt, sugar, or spices such as pepper; cloves, nutmeg,‘turmeric
or cilnnamon, thef were essential to the preparation of flavorful
food. We would like to discuss the utilization of three
ingredients* - hydrolyzed plant protein, monosodium glutamate

"and nucleotides as additives to present day foods.

The three terms, seasoning, enhancer and potentiator, are

widely used to describe such ingredients. We like to define

them as follows: . S

A. A seasoning is a substance which provides a character-

1]

‘istic flavor of its own such as, salt, spices, sugar,

acids, HPP.

B. An enhancer strengthens and improves flavor inherent
in a product without adding a flavor of its own.

MSG added to chicken soup improves the chicken flavor

-

without adding its own flavor.

*Abbreviatibn§ to be used in this paper are -
HPP - Hydrolyzed Plant Protein
MSG - Monosodium Glutamate -

5'IMP & 5'GMP - Disodium Inosinate & Disodium Guanylate
—r ' _ (Nucleotides)
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The term, flavor potentiator, was coined by Arthur D. Little, Inc

for a flavor sympésium held May 18, 1964. Potentiation

had been a term used in pharmacology to describe an

action wherein the agent, by itself‘in small quantities,
has no effect on the biological system but exaggerates

the effects of other agents in the system.

Flavor'potentiators give a synergistic effect so that

‘the whole is greater than the sum of its parts. Two

ingredients interact to produce an effect not attainable

. by either alone. All three ingredients, nucleotides,

'MSG and HPP can act as potentiators.

In many use applications, there may not be a clear
distinction as to whether an ingredient is acting as a
seasoning, an enhancer or a poteﬂ%iatér. There is
often an overlapping effect which makes an exact’
définitidn impossible. In most cases, the type of
action is dependent upon use level in the f;avor
system. Salt, when used at a high level, is g seasoning,
and‘at a low leQel of use, becomes an enhancer. MSG, when
used alone, is an enhancer; but when used in combination
with nucleotides} is a.potentiator. From: our experience,
hydroljied plant protein may fall into any one of the three

categories depending upon its use level and the flaﬁoring

system.

L d

—
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-~ II. Hydrblyzed Plant Proteins'

{("\ A.. Definition \

g? |  - The term hydroljéed plant.protein implies the'con§ersion

f‘ - of p?oteins into amino acids. Pfoteins, which are

- 'polymers of amino acids, consist of a group of amino

i acids held.together by a peptide linkage between an

{’ amino group and an acid group. In preparing protein
hydrolysates, this peptide linkége is broken by intro-

{‘ ducing water througﬁ the use éf a catalyst (acid,

r‘ enzyﬁe or alkali). The resulting breakdown producté,

- which are amino acids or saits of amino-acidé, are

[, soluble and have a wide. flaVvor spectrum. Data sheeﬁ #32

:r“’\\ - shows the tyéical chgmical structure of a prote?n and

"

an amino acid.

fn B. AHistoriéal Background

' Protein hydrolysates have been known and used for’

e

1

flavoring foods for many years. Soy sauce, widely

B

used in China and Japan for adding flavor to their

[r——

bland’rice and vegetable dishes, is produéed from én
enzymatic hydrolysis of soy protein. Maggi Seasoning,
'introduced in Switzerland in 1886, is an ac;d hydrolysis
of plént protein. It gained wide acceétancé throughout
Eurogé as a flavorin§ aid. Meat extracts'and yeast
. extracts are other protein hydrolysaﬁes which have
S o been used for years.

FORM 35039.]
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types of protein hydrolysates are commerc1ally

Two
available
1. Acid hydrolysates are made from plant or vegetable

protein.

Enzymatic hydrolysates are made either from Baker's

Primary yeast or Brewer's yeast, and commonly sold
as yeast extracts or yeast autolysates. Thej“
products made from Brewer's yeast usually have a--

rather bitter flavor accent. » T .

Manufacture of Hydrolyzed Plant Protein

l.

Processing stages and a flow diagram for a typical
HPP are given on data sheets #33 and #34. The

procedures involve hydrolysis, ncutralizaticn,

filtration, and concentration. Individual manufact-

| urers have special treatments which give identity to

'

different products.

Methods for Modifying Flavor

Hydrolyzed plant proteins, hav1ng w1dely dlfferent
flavor accents and color characteristics, can be

produced by modifying such processing aspects as

protein blend, hydrolysis conditions, neutralization

end point, concentration, decolorization treatment,

-

and enrichmcnt,‘as well as by employing special

5689

processing techniques usually considered trade secrets.
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3. Physical Characteristics

HPP is available in three forms: 1liquid, paste

and powder.

1)
17

o

The powder form is hygroscopic and for ideal handling

conditions, the relative humidity should be under 30%.

e

Manufacturers are now producing HPP with imp:oved-

handling properties through use of such téchniques

as oil coating, increasing the particle size, or

using flow conditioners.

r

.

HPP powder will usually fuse at temperatures much
above 95° F. It is therefore essential that HPP be
stored at temperatures under 95° F. and that it be

packaged in moisture protective containers.

4, Price Structure

The price of HPP varies with the type of grade, 'but

the present price range is about 60¢ a pound.

Ty Ty OTTY T "} i"‘f’l

E. Grades Available ' - , .

8

~$‘ 1. Acid Hydrcolysates can be classified into four grades:

i o ' ,
by~product, high quality, special blends and reaction

ﬂ ) .

3? products. .- -

|

a. By-product HPP with a portion of- the MSG removed.

E

1
¥

| - ’
[

» L
- .
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This was the first type of HPP available in the

United'Stétés. It usually had a harsh, bitter

flavor often described as a ‘rubber boot taste'.

High guality HPP

By 1959, HPP's, which'were completely different
from the old style by-product HPP, weré being
ﬁarketed. These HPP's were both flavor contri-
bu£ors in ﬁheir own right and enhancers of inherent
flavor of meat, poultry and seafood. The.products

had a clean, sweet, meat-like flavor that found

'ready applications in a wide vafiety of foods.

They lacked the objectionable harsh, bitter taste
of the old style hydrolysates. Although the HPP's
now available do vary greatly in flavor character-

istics and quality, a major portion of HPP sales

are in the so-called high quality lines. !

Special HPP Blends

More'and more, manufacturers are making available
blends of HPP with such other flavor potentiators
as MSG and nucleotides. -One of the best HPP
blends now available contains g,mixture of HPP,
yeast extract, MSG, and‘nuclgotides. There is a

-

“very popular HPP containing an added smoke flavor.
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Because of its outstanding enhancing properties,

HPP is an ideal carrier for many flavors.

' \

d. HPP Reaction Products \
' \

Three patents issued to L?ver Bros. in April, 1960

described the production of productsﬁhavihg é
coqked4or roas;ed_meat flavof; The-i£emé'&eré
produced by heating sulpﬁuf containing amino acids
(methionine,:cysteine) and fivercarbon sugaré- : T
(xylose, ribose). Patents on other so-called
réaction products have since been issued td Pfizer,
I.F.F.‘and Nestlé. 1In most cases, the products
have a reaction flavor superimposed on HPP

fortified with MSG and nucleotides.

Yeast Autolysates ' S TR,

-

Yeast autolysates normally are available in such

products as standard, low sodium and special blends

 fortified with MSG or nucleotides. Each grade is

usually available in a dark or a light color. Data
sheet #37gives a typical analytical composition of
yeast extract.

F. Composition and FDA Status o ot

l.

[

HPP consists of a blend of amino acids and salts of

- -
-

amino acids. Sodium chloride is a naturally occurring

ingredient since it is produced during the neutrali--

-



~ THE Nasnﬁ CoMPANY ' 8. 5689

[
- o—

zation operation. HPP is normally sold as a

flavoring material, and no nutritional claims are

a Pan
D

made. During the acid hydrolysis tryptophane is

T
R

destroyed, and therefore all the essential amino

"
/|

acids are not present unless they are added. Data
- _ _ .
v sheets#35 and#36 give typical chemical and amino

-1

acid compositions of HPP.

R

FDA Status

|
>

Hydrolyzed plant proteins are listed as GRAS (generally

~

regarded as safe) ingredients, and no limitation is

placed on their level of use. The use levels may

vary up to 1.5% as consumed, dependent upon the type

enhancer or potentiator.

G. Flavor Characteristics and Utilization

h
| | of product and whether HPP is used as a seasoning,
- :
|
r'n
¢
~ 1. HPP has all the basic flavor characteristics -
i v
sweetness, saltiness, bitterness and sourness.
Fﬁ Hydrolyzed plant proteins have meat-like fiavors
- which cover a wide spectrum. They are being used
¢ , . ,
successfully in beef, pork, veal, poultry and
=
f fish dishes. In addition, HPP is widely used to
b

}; X : intensify, blend, or suppress other flavors in

L 4

(f > - . practically all-food areas, canned, frozen, or
g ' y o

s

-
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dehydrated whether the foods are soups, sauces,

vegetables, salad dressings, casseroles, meats,
i

=

t

rﬂ‘

(( )
f? | o or snacks. Some of the best uses for HPP are:
r

-

f

i

L

s

a. To intensify and impaﬁt meat-like flavor

|

‘in soups and sauces.
b. To replace meat or beef extract.
¢. To impart a pleasing flavor profile.
d. To add flavor to main course dishes cqntaihing
rice, potatdes, vegetables.'

e. To replace»MSG.

£f. To act as a sparing agent for nucleotides.

2. Certain precautions'muSi be taken when formulating

i
]
1

- _:g_}n dghyd;ated mixes, must be combined only with

ingredients having low moisture content; otherwise

. +... -..caking will result. Combinations of HPP with

',1 - _.' reducing sugars will often result in a Maillard

:-.-.. - browning reaction. Dehydrated mixes containingr

HPP must be packaged in a moisture protective unit

o prevent caking.

III. Monosodium Glutamate : : » ’ -

r“(‘\ ' - '1u .. .. with HPP. Since it is hygroscopic, HPP when used
r
{
A
~
[
I
rﬂ
{
”
:
-
£

A. Historical Background

Monosodium glutamate is the sodium salt of glutamic acid.

{3 | T o .

FORM 50%.1
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T Glutamic acid was first isolated in 1866 by a German
{L chemist, Ritthausen; however, it was not until 1908

that its flavor building properties were discovered by

"P. |

L Dr. Ikeda of Tokyo University. He fgund MSG to be the

{z important flavor comporent of sea taﬁgle, an‘edible

‘r-. seaweed which was being ground and uéed to flavor

b Oriental dishes. Within a decade commercial production

E? of MSG was begun, énd by 1933, Japép was making tén ﬁillion

- pounds a year..>Répid commercial adaptation was possible

. because processing required only the acid hydrolysis of

g? protein (wheat gluten), a techniqﬁe which was well known

3‘ i at that time. The fifst United States plant wés.started

} ' by Huron Milling in 1935, and b§ the early 40's there

P~ ]

¢ were at least three other manufacturers in the United States
{‘7 (Interﬁationai Minerals, General Mills, A. E. Staley).

;‘ ‘Raw materiai sources used were whéat gluten, corn gluten, )
37 beet sugar, andvsteffens waste. Appréximately forﬁy o, —
{‘ million pounds of MSG were used last jea{'in the-United

-~ .States and two hundred fifty million world wide.

(! |
'}‘ | B. Manufacture

P -

‘l. Acid Hydrolysis

The classical method'of manufacture of MSG is by
extraction from natural sources such as vegétable

*

proteins and sugar beets. One method employs the

:T‘“"jgf.”]_ S |
i

7

g

» B
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acid hydrolysis of wheat gluten, the separation of the
glutamic acid, its purification, and conversion to the
sodium salt followed by the processes of crystallization

and drying. This method yields a high proportion of

by-products - eleven ‘pounds of starch are obtained for

each pound of glutamic acid and a residual mixture of
amino acids which are often used for soy sauce or low
quality HPP.

Fermentation

A fermentation process is now utilized almost exclusively

for the production of MSG. Common raw materials are

'simple sugars such as glucose obtained by hydrolysis

of starches. The fermentation is carried out by certain

microorganisms in a culture medium containing a source of

nitrogen (NH3), growth factors and small amounts of inorganic

- -t

salts. Since 1959, when the fermentation process began to be

- used, prices of MSG have declined from approXimately $1.50

per pound to 40¢ per pound.

Chemical Synthesis

Several synthetic processes have been developed for the
manufacture of MSG. Instead of doing a fermentation or

chemical extraction of natural products such as wheat, corn,

beet sugar, soy beans, Ajinomoto, world's largest producer

e

of MSG has developed a_,process for producing MSG from a

- -
-
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petro chemical. The reason for their interest in a.
chemicai syqthesis is thaﬁ the old extraction process
turns out iafge quantities of by-products -~ starches
and amino acids to be disposed of. As the market for
‘MSG increased, the markets for the other items

became saturated.

C. Composition

1.

Chemical and physical characteristics

MSG is the sodium salt of glutamic acid. It is a‘free
flowing, non-hygroscopic, dust free érystal which isk
usually offered in severai particle sizes, in grédés
having 99% purity. MSG is very stable under heat

processing conditions.

D. Flavor Characteristics and Utilization

1.

When tasted in water, MSG'has a sweét, saline taste
accompanied by some astringency. It can be used to
intensify a wide variety of fbods without adding any
flavor of its own. Theories to explain its flavor
enhancing properties have speculatéd that MSG stimulates
‘the taste buds and therefore increase the response to a .
flavor or that it stimulates saliva formation. It is
particularly good for de§eloping chi;ken flavor and is

widely used in homes as an all purpose seasoning ageht

sold under the Accent brand name. The use levels

usually vary from 0.1% to 0.5% as consumed.
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a8 o | 2. MSG is best.used in a pH‘rangé of frdm_s to 7.>‘I£,“
—E’q\ is not‘effectiye in the.low pH range. | o

~ 3. It is reported that MSG has azpreserv§tive action on
_é. flavor and cﬁlor.aithough we have not encountered
{f o ; ; such an activity in our work. |
o : _

{f' E. FDA Status

~ l. MSG is listed as a’GRAS ingredién;i and there are no

éé' limitations on le§els of usé: however, recently questions
g‘ have been raised as to its safety. R

- ’ |

} 2. Chinese Restaurant Syndrome

.FJ'\\ C -Iﬁ July of-1968, an afticle in the New Englénd Journal
t, ' v_pf Medicine proposed MSG as being the cause of
g?f ;Cﬁinese restaurant syndrome' in which individuals
-~ have reported headaches after having.eaten Chinese
t meals. The February 21, 1969 issue of Sciénce‘ K
g? 'éarried an article in which fests indicated there.

{5’ were three categories of symptoms elicited by MSG -
L ’

" burning sensation, facial_pressure, and chest pains.
Eé Headaches were a constant‘gomplaiﬁt in a majority of
g’ the individuals. These symptoms appeared only if the
~ meal was taken on an empty stomach b& a éusceptibleA

-

B

(r~\ - individual.

f

Ty,
-

FORM 309.1 :
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" MSG has been used since the early 1900's as a food

)

enhancer. Its.per capita consumption in the United

K
F: States is estimated at a maximum 1.2 grams per day.
- Oriehtals, for many years, have been heavy consumers
o . .
t of MSG with an estimated average of}6 grams per day.
g? Scientific literature from these countries record ﬂd
g, evidence of ill effects.
k
~ Internatioﬁal Minerals and Chemical Corporation, in a
L statement to the Unitéd States Senate Committee on
g? Nutrition and Human Needs, cited a two year chrqnic
fﬁ' feeding sﬁudy in rats maae in 1950—51 b§ Arthﬁr-b. Little
E: ' ‘ in which rats wefe fed MSG up to 0.4% of the weight of
F“f\\‘ the diet with no ill effects and a two year study on
mice wﬁich were fed a diet consisting of levels of
;; | MSG equal to 4% of the weight of the diet (equivalent
?é - to one pound of MSG a day fér a man weighing 150 l1bs.).
{? 4$he scientists were looking primarily er possible
%; tumors in these animals. There were none nor were there

any toxic effects.

. |

In a more recent development concerning the use of MSG

3

as a food additivé, Dr. John Olney, a Washington University

brain-researcher, told in 1969, about injecting small

—

- — T .

roﬂ; 809.1



.

—~y

b}

L 2

S |

-

TORM 3091

detecting sh

~are too underdeveloped t

e,

5689

amounts of MSG into the veins of baby mice, examining

their brains through an electronic microscope, and

attered and pitted cells in cértain brain

areas. Detailed studies of what MSG would do to the

pbrain cells of very young animals had neﬁer been done

before. Not bnly has he found damage in mice but also

in monkeys. In later work, Olney reported seeing eye

and brain damage in infant mice when MSG was taken orally.

He holds that on a Weight per weight basis, the amount of

MSG he uses to produce brain damage in mice is only five

to six times the eguivalent amount a baby receives by

eating a complete jar of high protein baby food, and

many babies eat two. He also pointed out that MSG serves

no real purpose for babies and that it is put into baby

food to enhance the flavor to the satisfaction of the

-

mother's pallet, not the infant's. "Bibies',taste buds

o detect much of a meat taste", he

says. As a result of this publicity, baby-food manufacturers

in the fall of 1969 voluntarily discontinued using MSG as

an ingredient. It is ironical but in a paper given on

“The Pharmacology of Glutamic Acid" during a symposium on

MSG in 1948, it was reported that glutamic acid increased

1.Q. and produced beneficial effects in the behavior of

mentally retarded children.

.
-

P
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The report of the National Academy of Sciences -

National Research Council Committee issued in July, 1970

and covered by an FDA news release dated August 7, 1970,

|
apparently settles the question of MSG for the time

being. The Committee concluded that the risk associated
with using MSG in foods for infants is eXtremely small.
The Committee cannot find, however, that the usage confers

any benefit.to the child and therefore.recohmends that

MSG not be added to foods specifically designated for

infants.

The Committee found no evidence of hazard from the

reasonable use of MSG in foods for older children and

~adults, except for those who are individually sensitive

to the substance. ' The flavor-enhancing property of MSG is
considered to be beneficial to the general consumer in these
age groups. The Committee therefore recommends that use of

MSG be permitted in processed foods for these gfoﬁps and

‘that such foods be clearly labeled to indicate the.presenée

of added MSG for the.information of those who wish to avoid
it. sale of MSG in packages for institutional and home

consumer use need not be curtailed.

Iv.- Nucleotidesi- New Flavor Potentiators

L 4

A. Historical Background .

Inosinic acid was first isolated from meat extract in 1847 by

Liebig Over fifty years later, in 1913, Kodama first identifiec

-

-

_ i
_ . |

'
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the primary flavor component of dried bonito as being the

histidine salt of incsinic acid. In contrast to M3G, there

was not available the necessary technical knowledge for the

commercial production at that time since the biochemistry of

nucleic acid is a more modern field than that of protein or

carbohydrates.

In ;951, Dr. Kuninaka undeftook a study of the enzyﬁétic
degradation of nucleic acid by microorganisms including a
thorough study of the flavor characteristics of each degrad-
ation product. By 1957 and 1958, the following facts
became known:
1. Among the three isomers of IMP, oﬁly the 5; IMP
has flavor éctivity.
2. Histidine is not necessary for the flavoring
.action of 5' IMP. . : A
3. 5' GMP also has flaQorihg activity simil;r to
the 5' IMP. -
4. ~There is a synergistic effect between MSG and .
5' nucleotides.
5. 'The enzyme was identified to prdduce 5°* nucléo-

tides from ribonucleic acid (RNA).

Manufacture - .

The 5° @ucleotides, first offered commerciall& in Japan by
Takeda in 1959, were madé by the enzymatic degradation of yeast
nucleic acid. They are currently being produced by three

companies in Japan - Takeda, Yamasa and Ajinomoto.

L
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The two cemmereially available nucleotides are disodium
inosinate (5 IMé)-end disodium guenylate (5' GMP). These
are available as free flowing crystals either singly or
-in blends. The most‘popular blend\is one containing

!
50% 5¢ IMP and 50% 5' GMP sold under such brand names as
Ribotide, Mertaste and IG. We have found that 5' IMP and
5' GMP give the same flavor effects.but that they differ
in strength. In our work, we have found the disodium
guanylate to be three times as effective as disodium

inosinate. The common blends of 50% of each have a

flavor strength about double that of disodium inosinate.

Whenlnucleotides were first commercially available in the
Unlted States, approx1mately 1962 the price was §50.00
per pound At the present time, the prlce is $6.50 per

pound for a blend of 50% 5' IMP and 50% 5' GMP.

Flavor Characteristics

1. Nucleotides have a sweet, meaty'flavof note character-

particular variety. Since nucleotides are found in

nearly all meats, tnis aspect might be expected.

2. Nucleotldes glve a bodylng effect - 1mpart mouthfeel.

- -

istic of all meat products but not associated with any.

5689
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Nucleotides have a synergistic effcct with HSG and

HPP. The MSG éparing effect has been reported often

.in the literature. It has been said that 0.2% of MSG

in dehydrated soup mixes can be replaced with 0.1% MSG
and 0.001% nucleotides (50% sparing) or by 0.05% MSG

and 0.002% nucleotides (75% spariné).

Nucleotides suppress some flavors - bitterness, sulphury
notes and sourness. Ingredients usually not effected

are butter, fat and spices.

Nucleotides give an MSG effect - saline taste with a
mouth filling effect and astringency aftertaste but

they are much sweeter and meatier than MSG.

Nucleotides are used at very low levels, usually from

25 to 100 ppm as consumed. -

E. Utilization

From our experience, we believe nucleotides are best used

inacombination with HPP or MSG. There is a definite

synérgistic effect when used with these ingredients. Some

of the best use applications are:

1.

*

To strengthen meat flavors in soups and gravies.

-

To ‘replace meat extract. A few years ago, meat extract

-

was widely used fo} flavoring and it has now been

largely replaced by using blends of HPP and nucleotides.

N — e — = . — . — e e e - . ——— -
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" 3. To suppress undesirable flavors.

4., Some decomposition is obtained in heat processing
(approximately 10% when heated at 240° F. for 1 hr.)

and degradation can occur when utilized in systems

containing certain enzymes (phosphatase).

FDA Status

Nucleotides are approved by FDA for use as food additives.
This is not surprising since nucleotides are found in a

wide variety of food materials such as yeast, chicken,

- beef and pork. The levels raﬁge from 0.2% to 0.8% in

animal tissue to about 1.2% in Baker's )east.

Usage levels approved for flavor modification or enhancing
meats, poultry, vegetables, soﬁps, sauces, gravies, and
cheese dishes were up to 0.1% fof disodium inosinate and

up to 0.06% for disodium guanylate.

The FDA approval etated that "our pharmacologiste conclude
that the usage of disodium inosinate or disodium guanylate
'ae flavor enhancers in food is safe primarily because they
'are normai constituents of man's diet.and the proposed use
levels are lower than the levels of natural occurring
inosinic acid or guanylic acid in some foods: The

L 4
-

5689
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bibchemiqal studies and the toxicity studies provided
additional assurances that these products are safe

for usage in foods".

Synergistic Effects of Flavor Enhancers

We have discussed the flavor characteristics and utilization
levels of HPP, MSG and nucleotides when used individualiy.
Our éxperience has been that the best.resulﬁs can be obtained
by using combin;tions of HPP, MSG, and nucleotides.

A. Hydrolyvzed Plant Prcteins and Monosodium Glutamate

The addition of MSG to HPP Will»often SFrengthen and
intensify the inherent flavor of the HPé. Such blends
may allow lower Qse levels or provide a more desirable
flavor release. These combinations will not usually

change the basic flavor character.

B.. Monosodium Glutamate and Nucleotides

.There has been much in literature to point out the
synefgism between MSG and nucleotides as well as an'

MSG sparing effect. Actually, this synergistic effect

1éd to the discovery of the flavor potentiator possibility
of nucleotides since the latent flavor level of IMP and

GMP was markedly detectable when evaluated in an MSG

soluﬁion. In water, a threshold level of 0.01% 5' IMP

-
Ta
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. was found, but in the pfesence of 0.1% MSG, the flavor
f;,.\ .. effect was almost equiyalen£ to that of 0.5% MSG.

:% } _ _ : Syﬁergistic aciipn was also demonstrated by studying

the mutual effects in reducing individual threshold

57 levels; for example, the threshold levei of nucleotides
{-A . | is redﬁced sharply in MSG solution and the threshold-‘
. level of MSG is réduced.sharply in a nucleotide solution.
{: - The flavor action of a 0.3% MSG solution is equivalént to
{' o . that of a:0.08§% solution of a 20 to 1 mixture of MSG

; and 5' IMP; in other Qords, the flavor activity of the

ﬁ mixture is about 3.4 times as much as MSG.
,; | T | : | S
?: C. 'Hydrolyzed blant Prbtein and Nucleotides
i"HX : Our test kitchen trials and panel tests have indicated
- that there is a remarkablyleffective synergism between

HPP and nucleotides that yields flavor systems superior -

=3

to any available for use in such foods as soups, gravies,

1

— , ' ‘sauces, vegetables and meats. The threshold level of
— Ribotide was found to.be 0.013% and that of HPP to be
T‘ 0.024%; but when a blend of 50% of each was ﬁsed, the
| - '_ thrééhold level became 0.006%. When evaluatea in either
a beef style broth or a chicken étyle broth, a blend of

g? ' 0.02% HPP and 0.08% kibotide was preferred overwhelmingly
“r‘ - S over a 0.1% level of %ibotide. Our study indicates that
}<,\: ~ o L -

s

-~

!
Fo 4 5091
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’fﬁ~\ - HPP has a.great'nucleotide sparing effect. A blehd
2 ‘:of 95% HPP and 5% ﬁucleotide is often as effective
—- ‘in its flavor enhancing properties as a blend of

[ 95% nucleotide and 5% ﬁPP. Since such a blend would
F’ cost 6nly 13% that of a blend containing the Higher'

level of nucleotides, this synergism offers potential

for considerable raw material cost savings in

1T

- formulations.

™

. |
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- VI. FORMULATING WITH PROTEIN HYDRCLYSATES AND FLAVOR ENHANCERS

A. Areas for Utilization

(?ﬁ\

‘Protein hydrolysates and flavor enhancers afe now being

1

‘used in a wide variety of foods - broths, bouillons,

I

soups, stews, gravies, 'sauces, meats, dips, salad dressings,

- casseroles, main course dishes with potato, rice or pasta,

=

snacks, seasoning mixes, breading mixes, fish and many

0

other fdods. In fact, new uses are probably being found

daily as more food technologists are evaluating the use

T

- of protein hydrolysates. All types of foods - dehydrated,
frozen, heat processed or refrigerated are included in

these applications.

/-\a , ‘3 41

f“?‘\. : B; 'Pfocedures for Desianing the Ccomposition of a New Product
| ) l. Survey of Competitive Products
r" - After the product concept has. been established, ouf -
r development work usually begins with a survey of
.; competitive products if thé‘concept is no£ entireiy
_ .hew and comparable pfoducts are commercially available.
po=

a. The analytical composition is established by doing

qsimple determinations of total solids, ash, sodium

o ' chloride, nitrogen and fat. From this information,

F‘ . o an estimate is'made of the content of moisture,

F’ ~minerals, sodium chloride, organic solids, fat,

f‘“\ : .. protein and carbohydrate. FPor example, a dehydrated
r“ ey
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chicken flavored broth might give the following

analytical compesition:

Total Solids _ E 98.0%
ash | 4s.om
Chloride, calc. as Nacl 45.0%
Total Nitrogen | 2.4%u
Fat (Ether Extract) 7.5%‘

b. Ihqfedient Compbsition

From the above analysis, the following estimate

. can be made of ingredient composition:

Moisture Content . 2.0%
Minerals | ‘ 48.0%.
~ Organic Solids '. v 50.0% 
Protein (Nx6.25) 15.0%
Fat - | 7.5%
Carbohydrate . 2?.&%» N

(by difference)

This information, togethér with that declared on
the ingredient list, can beltransmitted into ﬁhe
. fblioﬁing crude ingredient approximation:
HPPAand Flavor Enﬁahcers ‘ 35% to 50%

(derived from protein content - HPP may vary
from 30% to 40% protein)

'~ Sodium chloride - 45%
B Sugar and Starch 27%
Flavorings (onion, celery, 6%
garlic, turmeric and
parsley)

Fat _ 720
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- :

c. Such aspects as flavor, texture, processing,

~ éirections fcr use, paékaging, 2id shelfi stabilicy
F"\ o are prime con%iderations in formulating a food

- :

f product. -In a meat flavored broth, the meaty

j : | accent, sweetness, bitterness and éourness

should be carefully evaluated to help in the

. |

selection of the best flavor profile. Textural

—

aspects are very important in some foods especially

gravies or sauces. Even in a broth, we are concerned

]‘ i
[
[
E

about mouthfeel, hoping>to obtain a full_bodied broth.
Processing procedures are of concern and can greatly
affect flavor in the finai pfoduct.‘ In this instance,
the broth could be made by wet processing or by
merely blending the dry iﬁgredients. Directions for

use can be critical in some items and adequate test

-

kitchen trials must be made to be éertain that
éustomer direétions are‘foolproof and_adéquat?. The
type of package should be dictated not only by
'Marketing desires but also by the nature of the
4produc£, whether it is hygroscopic and needs
T | protection against moisture pickup or whether it is

sensitive to light. Of course, accelerated storage
.and shelf sﬁability tests are an essential phase of

'fany product development program.

.
- -
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Préoafation of ayrotQtVDQSample

after cbiexining proliminary informaticon on agsprodimsto
ingreaient composition, the actual work on formulating
begins. Since'tﬁe flavor is of main interest to us,

we will review the method we use to evaluate HPP and

- flavor enhancers in a dehydrated broth formuliation.

the composition for an individual portion. For the

chicken flavored broth, the composition in grams for a

6 oz. portion might be as follows:

- Salt 1.75 grams
Sugar 0.55 "
Starch 0.581 "

White Pepper 0.005 "
“Turmeric - 0.005 "
Onion Powder 0.100 "
Celery Salt 0.100 "
Garlic Powder 0.004 "
vParsley . 0.0QS "
Chicken Fat 0.300 °

A base would be made up with this composition after

'which individual 3 gram/6 oz. portions would be

prepared for evaluating the level of.use of HPP and

flavor enhancers. Starting levels of use for the

— .

5689

‘From the approximate analytical composition, we calculate
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product as consumed might be as follows:

'HPP . 0.5%
MSG T 0.2%

Nucleotides 0.01% \

Since the basic fldvor charactLristic is usually
imparted by the HPP, we first éetermine the best
level 6f use for HPP after which MSG or nucleotides
may be added to determine if an. improved flévof
characteristic can be obtained. As an examplé of the
flavor possibilities obtained by adding HPP, Qe have

prepared this sample formula for a broth. We would

like you to taste it as is and with added HPP which,

1 in this instance, happens to be Maggi Super 3H.

Actually, Maggi Super 3H is a blend of the flavor

enhancers HPP, MSG and nuclectides.

For evaluating HPP in a chicken gravy, we could take

the same broth base to which is added 5 grams of nonfat

milk solids, 4 grams of flour and 3.5 grams of starch

to a 6 Qz} portion. .To obtain an acceptable flavor
strength in the gravy, the levels of HPP, fat and

flavorings will need to be increased considerably.

- For evaluating the use of HPP in a chicken noodle soup,

this same broth base could be used with 5 grams of

added - noodles to each 6 oz. portion. Here again,
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the flavor levels may need to be increased over those

determincd for tne breoth. -

As with most’iﬁéredients, there are precautions which
must be taken when formulating with HPP. Sinée HPP is
- hygroscopic, it wiil tend tolpiék up moisture either
from the air or ffom other ingredients. If the pickup
iére#cessivé, the product-will cake orvfuse; 'Bécause
of this téndéncy, packages_for dehydfated p?oducts'
.éontaining-HPP should providé‘good moisture protection
and the formula should not ﬁsé>any ingrédienﬁé having.‘
high moisture contents (i.e., undried stérch); Underv
the right conditions of mdisture and ﬁeat, hydrolyzea
plant protein ahd reducihg sugars will combine in a
'Maillard browning reaction. The use of corn éyrup '
solids and dextrose with HPP should be checked carefullyﬂ'

in an accelerated storage test program.

New Concepts for Flavor Improvement

In summary, the three food ingredients HPP, MSG, and
npgleotides pléy an important part as énhancers and
.poténtiators in present day foods. Optimum results can
usually be obtained by using combinationé of tﬂe three.
Becaﬁse_of the compiex nature of the synergi;tic effects
of the three ingredients, best results can usually be

»

obtained by using one of the commercial blends now
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available. It is very probable that HPP, MSG, and

nucleotides are only the Tforerunners of new pctentiastors

‘that are now being developed by food scientists.

'In the controversial atmosphere now surrounding food

additives, most food processors undoubtedly will take
Alexander Pope's advice "Be not the first by whom the

new are tried nor yet the last to lay the old aside".

We still believe that the three ingredients, hydrolyzed

plant protein, monosodium glutamate, and nucleotides,

all natural derivatives of foods, will continue to

:receive FDA GRAS approval and will be used in proper

proportions in increasing amounts to improve the

flavor of foods.

5689
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E . *THE INFORMATION, DATA AND RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE lE‘LI[VED TO BE CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,
EXPRESS OR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS YO BE OBTAINED FROM THREIRUSE, EITHER ALONE ORIN
COMBINATION WITH OTHER MATERIALS, OR WHETHER SUCH USE WILL BE IN VIOLATION OF EXISTING PATENTS. PURCHASERS ARE URGED TO MAKE THEIR OWN TESTS AND

™~ INVESTIGATIONS TO DETERMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING OUT OF SUCH USE.’
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Protein HYdrolysates - Chemical Structure

. Chemical Structure Commen 1o Amine Acids
(An acid ~COOH group and an amino - NH,
group on an adjoining carbon atom)

H - N - H
o
\
cC - Cc - 2
|
H

HO

' Proteins are combinations of amino acids held together by
linkage.

Hydrolysis of Proteins

\
?' ~ CHy c - ? -
l a
H (“HO H
) Catalyst o\ \
. Acid , \
N - H , Enzyme \ H,- N -
' Alkali =~
\ \
C - C - CH - CHj \c - c -
HO HO
H OH | . . H
- Peptide Linkage ,i : - Amino Acids
Protein ’ .

h\\ o ; _ .

32,
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a peptide
H
CHj
-
H
CH - CHj
OH

R ' INFORMATION, DATA AND IECOMMEND.AYIONS FORUSE CONTAINED HEREIN ARE BELIEYED TO.3E CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,

EXPRESS OR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS TO BE OBTAINED FROM THEIRUSE, EITHER ALONE ORIN
COMBINATION WITH OTHER MATERIALS, OR WHETHER . SUCH USE WILL BE IN VIOLATICN OF EXISTING PATENTS. PURCHASERS ARE URGED TO MAXE THEIR OWN TESTS AND
. INVESTIGATIONS TO DETERMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING OUT OF SUCH USE.’
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HYDROLYZED PLAYT PRCTZIN

PROCESSING STAGES

Protein
{ )

Acid (EC1)

HYDROLYSIS

Proteins converted to

‘.z

NEUTRALIZATION

\

lst FILTRATIOR

Y

5689
33.

amino acids

HCl n=utralized with soda ash to
yield WaCl and salts of amino acids

Insoluble solids removed
. N~——>- Residue discarded

(Humin~decomposition products)

CORCENTRATION

solids precipitated

R

2nd FILTRATION

Y

HEAT TREATMENT
DECOLORIZATION
ENRICHMENT

flavor

!

Product standardized and uodesirable

Undesirable solids removed

~~—»>- Residue discarded
(Amino acids-leucine, salt, etc. )

-

Improve heat stability, color and

- STORAGE > Maggi HPP Liquid
CONCENTRATION — Maggili HPP Paste
DRYING. ‘o
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| THE NESTLE CCMPANY, INC. 5689

HYDRDLYZED PLANT ,?}ZD.TETN »

Typical Ana;ytical Composition

-

Liquid Paste Powder
b .
l,’ : ‘ A . ° . R . ' N )
Total Solids % . 40.0 85.0  98.0

Ash % | 20,0 42,5  49.0

ff organic Solids % ~ 20.0 - 42.5 49.0
r_ Chloride, calc.as NaCl % 17.5  37.0 42.5
b7 ' Total Nitrogen % 2.80  6.00 6.90

Protein (Nx6.25) % 17.5° 37.5 43.0
MSG % | 5.0 ~ 10.6 12.0

opH 5.3 5.2 5.1 -
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*THE INFORMATION, DATA AND RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE BELIEVED TO BE CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,
EXPRESS OR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS TO BE CBTAINED FROM THEIRUSE, EITHER ALONE ORIN
r COMBINATION WITH OTHER MATERIALS, OR WHETHER SUCHK USE WILL BE IN VIOLATION OF EXISTING PATENTS, PURCHASERS ARE URGED TO MAKE THEIR OWN TESTS AND
é . |WESTIGATiON5 TO DETEAMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING QUT OF SUCK USE.'
>
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HYPROLYZED PLANT PROTETN

Valine
Lyéine

Threonine

" Leucine
" Isoleucine .

A Phenylalaﬁine

Histidine

. Arginine

" Aspartic Acid

Serine

Glutamic Acid

 Proline

Glycine
Alanine

Tyrosine

THE NESTLE COMPANY. IncC.

AMINO ACID COMPOSITION

Total Amino Acid

Brand X(

%
1.7408

1.5624

1.4277

1.6003

1.0201

1.2781

0.7007
1.4206
3.0017
1.8953
20.2145
3.0457
1.2542
3.2414
0.2965

-

43.700

Total P;otein (Nx6.25) * 43.8

1
i

‘Brand Y
%

1.7485

0.8697

1.5002

2.0192

0.8037

1.7268

0.8283
1.4030

2.9841

2.1891

11.4599

4.4480

1.1566

4.0773

0.2670

'37.421

37.9

. 5689

~ e

"THE INFORMATION, DATA AND RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE SELIEVED TO BE CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,
EXPRESS DR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR T™ME RESULTS TO BE OBTAINED FROM THEIR USE, EITHER ALONE ORIN
COMBINATION WITH OTHER MATERIALS, OR WHETHER SUCH USE WILL BE IN VIOLATION OF EXISTING PATENTS. PURCHASERS ARE URGED TO MAKE THE!R ONN TESTS AND

£

INVESTIGATIONS 1O DETERMINE THE EFFECTIVENESS OF THE PRODUCLTS IN THEIR PROCESSES AND ANY POSSIBLE FATENT LIABILITY ARISING OUT OF SUCH USE.*



THE NESTLE COMPANY. INC.:

r~
by ‘
- yeAsT EXTRACY
A o . Typical Analyticai Composition
-
r
’ standard Series Special Series
. (Dark & Light) (Dark & Light)
i pPaste bowder paste  Powdexr
o
{ Total Solids % 80.0 97.0 80.0 97.0
M Ra% 23.0 28.0 22.0  26.5
Organic Solids % 57.0 69.0 58.0 70.5
{f. * Cchloride, calc. 15.0 18.0 13.0 15.7
as NaCl %
qotal Nitrogen % 7.80 9.45 7.50 9.10
pProtein (Nx6.25)% 48.7 59.5 46 .9 57.0
MSG % 4.5 5.45 21.0  25.5
5.5 5.5 5.5 5.5

i T R SIS - e

T

FARTUNS

YWY T
J |
\

pH

Y 1T T ’*}

CTHE INFORMATION, DATA AKRD RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE BELI

§S OF THE PRODUCTS FOR A PARTICULAR PUR
USE WiILL 8E IN VIOLATION
E PRODUCTS IN THEIR PROCE

EJPRESS OR IMPLIED, REGARDING THE FITNE

| - TcompiNaTION WITH OTHER MAT
INVESTIGATIONS TO DETERMINE

ER1ALS, OR WHETHER SUCH
THE EFFECTIVENESS OF TH

.

PQSE

EVED.TO BE CORRECT AND
OR TME RESULTS T0 BE OBTAINED FRO

OF EXISTING PATENTS. PURCHASERS ARE UR
SSES AND .ANY POSSIBLE PATENT LIABILITY

ACCURATE. WE DO

5689
x4
Low Sodium
Series
paste Powder
80.0  97.0
10.0 12.0
70.0 85.0
2.0 3.4
9.35 11.0
58.5 69.0
4.3 5.2
5.6 5.6
HOWEVER,

HOT MAKE ANY WARRANTY,
M TREIRUSE, EITHER ALONE ORIN
GED TO MAKE THEIR cwN TESTS AND

ARISING OUT OF SUCH USE.’



YT

-1 Y Y T Y T

P .
F—

o B

—

B |

e

Y

.

. |

a

£,

" 'rr.qe NESTLE COMPANTY. Inc. ' ' ' 3¢ 5689

| PKDTE’!N' WYUROLY TATES

Hydrolyzed Plant Proteins - Blends of naturally occurring amino -
acids and salts of amino acids.

Protein Ccntent (Nx6.25) - May vary from 30 to 45%."

- Sodium Content - May vary from 12 to‘18%;

pH of adqueous soln. - 5.0 to 5.4.

'Selubility in water at 20° ¢c. - 40%.by Qt:

. Forms - uquld Paste or Powder ' ' .

The powder is hygroscopic and must be stored in m01sture
protective containers at temperature under 95° F. Products
,are available ranging in color from light to dark. ’

Stability - High quality grades are resistant to decomp051t10n during

' heat processing. There is no flavor degradation when held
for long periods under ambient conditions in a moisture
protective pack. :

-~ Occurrence - Hydrolyzed Plant Proteins (amino acids) are the building

blocks of protelns and are therefore found in all natural
pro»elns.A : ,

ﬁse”Levels - 0.2% to 1.5%, 'in most foods aﬁout O-SA.

Hydrolyzed plant proteins have a synergistic effect when
used in combination with nucleotides.

[

' Flavor - Have meat-like flavor covering a wide spectrum. Excellent

for imparting pleasing flavor profiles. Can be used to intensify,
blend or suppress other flavors. Ideally suited for use in
enhancing and potentlatlng food flavor. Have a nucleotide sparing
effect.

*THE INFORMATION, DATA AND RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE BELIEVED YO BE CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,

EXPBESS OR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS TO BE OBTAINED FROM THEIRUSE, EITHER ALONE ORIN
" l N COMBINATION WITH OTHER MATERIALS, OR WHETHER SUCH USE WILL BE IN VIOLATION OF EXISTING PATENTS, PLRCHASERS ARE URGED TO MAKE THEIR OWN TESTS AND
‘} . INVESTIGATIONS TO DETERMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING QUT OF SUCH USE,*

i



5689

~

e NONOSODIUM GRVTAMATE
\
f Chemical Structure 0O = C - OH J
i ’ i i
[; H - C - NHy
1
;"’ H - C - H ,.H0 (C5HgNOgNa.H,C)
L. i
p H - C - H
¥ |
©
o = C - ON%/
‘F A
i . . ‘
Molecular Weight - 187
f? " Purity - 99% minimum
- Sodium Content - 12.3%
g - . -
: Solubility in water at 25° C. - 37% by wt.
o ' at 60° C. =~ 50% by wt.
555 , _
pH of aqueous so6ln. - 7.0
! ' Form - Free flowing, white crystals, non-hygroscopic.
f‘ Stabil;gx - Do not decompose in heat processing. In high acid foods,
~ ~
MSG may be converted to glutamic acid and lose its
~ _ v _
L flavor enhancing properties. ‘ '
8 Oééurrence ~ Small amounts in virtually all foods; also combined
- in all natural proteins.
! Use Levels - 0.05% to 0.5%, in most foods about 0.2%.
—_ (Use just enough to enhance the natural flavor)
Flavor - Has a sweet, saline taste accompénied by some astringency. -
- : ’
; Can be used to enhance inherent flavors in a wide variety
rr\‘ of foods without adding a flavor of its own.

-—

*

é ! STME INFORMATION, DATA AND RECOMMENDATIONS FORUSE CONTAINED HEREIN ARE BELIEVED TO BE CORRECT AND ACCURATE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,
EXPRESS OR IMPLIED, REGARDING THME FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS TO BE OBTAINED FROM THEIRUSE, EITHER ALONE ORIN

COMBINATION WITK OTHER MATERIALS, OR WHETHER SUCHM USE WILL BE IN VIOLATION OF EXISTING PATENTS, PURCHASERS ARE URGED TO MAKE THEIR OWN TESTS AND
. INVESTIGATIONS TO DETERMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING OUT OF SUCH USE.’
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Figure 1:

- MOCLEOTIOES - _5' IMP and 5' GMP

Chemical Structures of 5'-inosine mcnophosnhate and
5'-guanosine monophosphate.

H,N

5t-Inosine monophosphate

| ®# H. OH
‘C i ]

S'-Guanosine monophosphate

~lf 5689
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L NUCLEOTIDES A - ,
D.la.oé;«‘.ar«_,-Z..n_vis_i}_af 2. 2nd ditedium G u.a_nibi}/
(57 Inip) 4 . (5" Gup) '

Grades Available - 5' IMp, 5°' GMP, or blends of 50% 5' IMP and 5' GMP

Purity : =, 98% minimum

Solubility in water at 20° C. =~ 20% by wt.
at 60° C. - 45% by wWt.

pH_of aqueous soln. - 7.0 - 8.5

Focm - White crystalline powder, slightly hygroscopic.

Stability - Nucleotides when used in a PH range of 4 to 7 are not

: ' decomposed by heating for 1 hr. at 212° F. or by strong
oxidizing or reducing agents with heating for 30 minutes.
Under retorting conditions of 240° F. for 1 hr., there
is about a 10% loss due to decbmpositipn. Nucleotides
may be decomposed by phosphatase enzyme systems in
certain kinds of food depending upon processing conditions.

Occurrence - Nucleotides are the buiiding blocks which form nucleic
acids and are therefore found naturally in many foods.

Use Levels - 0.002% to 0.02% on an as served basis. Nucleotides

~have a synergistic effect when used in combination with
HPP or MsG. ~

Flavor - Have a sweet, meaty flavor note. Are most effectively used
in combination with either HPP or MSG to utilize a
synergistic effect. Can be used to give a bodying effect
and to suppress some flavors.

.

(HE INFORMATION, DATA AND RECOMMENDATIONS FOR USE CONTAINED HEREIN ARE BELIEVED TO BE CORRECT AND ACCURATYE. WE DO NOT MAKE ANY WARRANTY, HOWEVER,
¢ EXPRESS OR IMPLIED, REGARDING THE FITNESS OF THE PRODUCTS FOR A PARTICULAR PURPOSE OR THE RESULTS TO BE OBTAINED FROM THEIR USE, EITHER ALONE ORIN

COMBINATION WlIH OTHER MATERIALS, OR WHETHER SUCH USE WILL BE IN VIOLATION OF EXISYING PATENTS. PURCHASERS ARE URGED TO MAKE THEIR OWN TESTS AND

, .-
i
€

INVESTIGATIONS TO DETERMINE THE EFFECTIVENESS OF THE PRODUCTS IN THEIR PROCESSES AND ANY POSSIBLE PATENT LIABILITY ARISING OUT OF SUCKH USE,*
2 .
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THE NESTLE COMPANY
FOOD PRODUCT DEVSLOPYVTIIT - NUTRITION P-6213
PROTATN UYDRNILYSATES AND FTAVOR ENHANCERS

5

Trauberman, Leonard Flavor Protein Hydrolvsates, Food
Engineering, October, 19860.

Rogers, Hatton B. New Autolyzed Yeast Extracts Widen Range and
Increase Strenath of Meat~Like Flwors, Food Processing &
Marketing, May 1966.

Hall, Lloyd A. Protein Hydrolysates - Flavor Ingredients for
Foods, Food Industries, May 1946.

Symposium on Flavor Potentiation, Arthur D. Little, Inc., 1964.

Monosodium Glutamate, A Symposiﬁm, The Quartermaster Food and
Container Institute, March, 1948. ' '

Kuninaka, A. Flavor Potentiators, Symposium on Foods, The
Chemistry and Physiclogy of Flavors, The Awvi Publishing Co., Inc.,

Haldt, H.P. 1965. Replaces beef extract economically. Food Proc.
26. NO. 6' 136-1370

Caul, J.F., and Raymond, S.A. 1964. Home-use test by consumers

" of the flavor effects of disodium inosinate in dried soup.

Kuninaka, A., Kibi, M., and Sakaguchi, K. 1964, History and
development of flavor nucleotides. Food Technol. 18, 287-293.

Titus, D.S., and Klis, J.B. 1963. Product improvement with new .
‘flavor enhancers. Food Proc. 24, No. 5, 150-152.

Wagner, J.R., Titus, D.S., and Schade, J.E. 1963. New opportuni-
ties for flavor modification. Food Techncl. 17, 730-735.

Kurtzman, C.H. and L.B. Sjostrdm 1964. The flavor modifying
properties of disodium incsinate. Food Technology 18, 1467,

Food Additives 1966. Chemical and Engineering News Oct. 10, 1966,
109-111.

Knight, J.W. The Chemistry of Wheat Starch and Gluten and Their
Conversion Products, lLeonard Hill. London, 1965, 94-105.

National Academy of Sciences - National Research Council Sub-
committee on "Safety and Suitability of Monosodium -Glutamate
for Use in Baby Foods", report of July, 1970.
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Suggested examination question: \

1

Hydrolyzed Piant Protein, Monosodium Glutamate
and Nucleotides are food ingredients widely used
to enhance ard intensify flavor. Seiect one of
these ingrediencs and discuss such aspects asg:
historical background, mahufacture, composition,
flavor characteristics and utilization.
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Observations on Protein Digestion in vivo

V. FREE AMINO ACIDS IN BLOOD PLASMA OF RATS FORCE-FED
ZEIN, CASEIN, OR THEIR RESPECTIVE HYDROLYZATES'

CARL PERAINO ? anv ALFRED . HARPER ®
Department of Biochemistry, University of Wisconsin,

Mudison, Wisconsin

ABSTRACT

Concentrations of free amine acids in the portal and systemic bloogd

plasma of rats force-fed zein, cascin, or their respective hydrolyzutes were determined
in an elfort to show a relationship hetween the change in plasma amine acid pattern
and the relative digestibility of the proteins. Force-teeding zein had litde effect on
the concentrations ot free amino acids in the portal and systemic plasma but force-
feeding cascin caused a substantial increase in the concentriations of free aming acids
in the portal plasnia. When bydrolyzates of these proteins were force-ted, much Larger
increases in the plasma free amino acid concentrations were observed with the Jurgest
responses oceurring after ingestion of casein hydrolyzate,

In an earlicr part of this study (1) the

-rates of disappearance ot different pro-

teins from the gastrointestinal tracts of
rats fed a single meal were compared.
Casein and zein emptied from the stom-
ach at slightly different rates but mach
maore nitrogen accumulated in the smail
intestines of vats fed zein than could be
accounted for by the ditference between
the rates at which the 2 proteins empticd
from the stonuich. Further investigation
(2) revealed that the vesidual nitrosen ve-
covered after feeding zein was mainly in
an insoluble fraction and probably con-
sisted of undigested protein.

The objective of the present study was
to determine whether differences in the
digestibility of these proteins would he
reflected in the concentrations of free
amino acids in the blood plusma. Com-
parisons were made between the concen-
trations of free amino acids in the plasma
of rats force-fed a given amount of protein
(zein or casein) and of .others force-fed
the same amount of nitrocen from the
corresponding protein hydrolvzates.

METHODS

The proteins were commercial products.
Hydrolvzates were prepared by autoclaving
(15 pounds pressure) 100 g of protein in
2 liters of - N sulfuric acid for 24 hours;
neutralizing  the resulting solution with
solid calcium hydroxide; filtering off the

precipitate ol calcium sulfate; decoloriz.
ing the filtrate with Norite;* and removing
water by evaporatiorn,

Male white rats (200 ¢ which had pre.
viously been fed a stock diet and had been
starved for 24 hours were force-fed un
amount ol test protein or hydrolyzats;
which contained 0.16 g ol nitrogen (ic,
an amount equivalent to 1 ¢ of pure pro
tein). The hydrolyzates were not suppl.
mented with amino acids. The test nitrey
gen sources were administered as aquenmg
suspensions  or  solutions  (10%  w/v;.
Blood samples were taken from the portal
vein and heart of individoal rats at suceey’
sive time intervals after Teeding., The pro
cedure has heen described (3). Equal
quantitics  of  heparinized  portal  blood
taken from 2 rats at each interval wope
combined; systemic blood samples (o),
tained by heart puncture) were similarly
combined and the cells were removed from
cach pooled sample by centrifugation.

Free amino acids in  the  resnlting
plasma samples were then  determined
quantitatively by a papcr chromatographis

Received for publication December 5, 1962,

1 Published with the approval of the Director of tie
Wisconsin Agrfenltural Fxperituent Station. Supported
in part by a grant from the National Live Stock
and Mceat Board, Chicapo, Ninois.

2 Present addrews: MeArdle Institate for Caneer
Rescarch, University of  Wisconsin, Madison, Wiy
consin.

3 lresent aditress: Department of Nuotrition  and

Food Seience, Massachusetts Institute of 1 cchnolagy,

Cambridge, Massachusetts,
i Pfanstichl Laboratorics, Inc., Waakewan, Hiinols,

J. NutktitaN, HU: 64

‘, I"‘)Lu";t{-} £
L6 A 706- 277
Jd 1903

{

© e ar — m———



A |

U |

B |

. |

|

BB |

2

s

B |

)

T—

DIETARY PROTEIN AND PLASMA AMINO ACIDS 271

procedure (4). Results are presented for
the following amino acids: glutamic acid,
glutamine, scrine, threonine, proline, ala-
nine, glycine, valine, leucine -+ isoleucine
(not scpurated on the chromatogram),
and lysine.
RESULTS

The quantity of the particular amino
acied in the protein or hydrolyzate that the
rats received is shown in the legend for
each figure. The concentrations of the
designated amino acids in both the portal
avl systemic plasma at each half-hour
Interval after force-feeding the test protein
or its corresponding hydrolyzate are indi-
tated by the points on the curves. The
mints on the vertical axes of the figures
dircctly above the letter Foindicate the
toncentration of the particular amino acid

GLUTAMIC ACID-IBIOAMFFD_

O™ ponTal SYSTEMIC
© PLASMA

it ZEIN
I'ZHU(')LY".ME HYOIOL YSATE

- A #
Toer Mo |y
2 ! D-p-0-
EY rd s ‘\‘0
o L
0.4 )
[-] eS8 Je, .
. Nk S 70N
Ol g gt i v
to [ 2 ' 2

)
HOURS A TLR FEEDING
PROLINE ~ 850, M FED

"I porvaL TRy reme ]
‘ 16} PLASMA PLASNA
. 0
ot [ 9o |
: } ZFIN
E ; \ HIDROLYSATE
v 2Ei 0.4
Z OB} AGROLYSATE |0,
EY 4 Ny O
.. v
&3 g
o4 zi y ) .
e ”
9 o utin
[ £ UFUNS S S S T IR NS R S W0

Fo- 1 2 ¢0 i 2
HOURS AFTER FEEDING
GLUTAMINE -Op M FED

LOr—ggn Al T TTSYATEMIC
- PLASMA - PLASMA

bep TZEIN
- ZEH‘J/\Q - l;‘r(M‘)LYSATE
E \ .. ‘
~ C8}- M 'g' o’ N
= 2/’3 4 7 s
T e rem % /76N

0 4} HDROLYSATE

Ol et b o gt

FO 12 Fo i
HOURS AFTER FEEDING

in both the portal and systemic plasma of
animals kept without food for 24 hours
(fasting concentration).

Zein and zein hydrolyzate. Force-feed-
ing zein did not cause the concentration of
glutamic acid in either the portal or sys-
temic plasma to increase much above the
fasting value, but after administration of
the hydrolyzate a substantial increase was
observed in the portal plasma and a
smadler increase in the systemic plasma
(fig. 1).

The concentration of alanine in both
portal and systemic plasma (fig. 1) in-
creased above the fasting value after force-
feeding zein, but larger increases occurred
in both after force-feeding the hydrolyzate,
with the portal concentration showing the
greater response.  Although the amount of
hydrolyzate given countained less alanine

AL ANINE-1580u M FED

[T Bo1aAl SYSTEMIC
1.6 PLASMA PLASMA
ZEIN
HYCROLY SATE
L2E AT TEN
T \’, < FIYC-OLYSATE
- o \ L 1._.Q
s 08} \ O o,
LT NG
i 4
Odw pAaiH QSI \
ZEIN
(43! S G R Il
Fo { 2 FO i 2
HQURS AFTER FEEDING
SERINE- 743 MFED
16 PORTAL SYSTEMC
PLASMA PLASMA
ol
CEIN L ZEN
e HYDROLYSATE | HYDROLYSATE
RIAUY N -
3 ) 00 | g o0
' e .
04‘3.8’\‘\.\. &3 Q—.\Q-O
. ZEN ® ZEN
Ofe 3 e 1 Lo 1t s
>

<

o) 2 FQ | 2
HOURS AFTER FEEDING

»

Fig. 1- Concentrations of amino acids in portal and systemic plasma at successive inter-
vals after force-feeding zein or zein hydrolyzate.
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272 CARL PERAINO AND ALFRED E. HARPER

(1580 immoles) than glutamic acid (1810
umoles), alanine concentration rose to a
maximum of 1.2 pmoles/ml, whercas
glutamic acid concentration rose to only
0.85 umoles. ml.

The concentration of prolmo (fig. 1)
increased only slightly in the portal and
systemic plasma after force-feeding zein,
but increased much more in both after
force-feeding the hvdrolyzate. Proline in-
creased less in the svstemic than in the
portal plasma. The amount of hydrolvzate
administered contained only 8530 pmoles
of proline compared with 1580 ymoles of
alanine and 1810 ymoles of glutamic acid,
but the concentration of proline in the
portal plasma increased more than the
concentrations of either alanine or glu-
tamic acid. .

VALINE - T96uM FLD

te PORTAL L SYSTEMIC
PLASMA. FLASMA
12 L
< !
3 0% e T 2EN
% | MYDROLYSATE | HYDROLYSATL
¢ ..
04l Yo 0.0 0. .00
B®eee S0,
e _j TENT e
[ £ W05 SEPISAUTID W VU 1 S G S
Fo | 2 Fo ) 2
HOURS AFTER FELDING
. L6 SLYCINE-OuM FED
T SYST1EMIC
- PLASMA - PLASMA
1.2
£ o4l -
= zzm zrm
1 ﬁ\?
o.a“og o 13\0‘3 .
‘ ®2tn O
L AYDROLYSATE | MYDROLYSATE
[ S ST D DR S JUNS T S Bey B

Fo l 2 FO t 2
HOUKS AFTER FEEDING

YSINE-Opu M FED
16 e - IENEZ DR

PORTAL SYSTEMIC
PLASMA I PLASMA
12 - L
- - 26N 2EIN
£
Sos? i ‘\ \
b 3 "’\\
Y
04k O “o-0
o0 qq zrlN
e 4 OO | HYDROLYSATE
HYDROLYSATE
oLl ool )
Fo 1 F 1 2

2
HOURS AFTER FEEDING

The effect of prior hydrolysis of zein
on plasma serine concentration (fig. 1,
was much less than its effect on the
plasma concentrations of glutamic acid,
alanine and proline. Also, differences he.
tween the plasma serine concentrations
of groups fed zein and zein hydrolyzat.
did not occur until onc hour after feeding,

The concentration of glutamine (fig. 1,
gradually increased in both portal and
systemic plasma of rats force-fed zein o
zein hydrolyzate, although this amino acid
is not present in zein. The plasma concen
tration of glycine (fig. 2), another aming
acid which is not found in zein, did nuy
change appreciably from the fasting value
in any ol the trials.

- When zein was force-fed the concentra.
tion of valine did not incrcase above the

e THREANNE - 240 M FED
POIT AL HYSTEWG
o PLAYMA I PLaLMA
1.2 3
. ZEN ZEIN
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Y oa )
> \ . \
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Ko ! o o 3
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"o, .
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: oa " ‘ . 'I
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Fig. 2 Concentrations of amino acids in portal and systcmlc plasma at successive inter-
vals after force-feeding zein or zein hydrulyzate.
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fasting value in either the portal or sys-
temic plasma (fig. 2). A small increase
in valine concentration occurred in both
portal and systemic plasma of the rats
furce-fed the zein hydrolyzate. Similar re-
bults were obtained for threonine (fig. 2).
Both valine and threonine are present in
relatively low concentrations in zein (both
3% ).

The concentration of leucine plus iso-
leucine in the plasma after feeding zein
or zein hydrolyzate is shown in figure 2.
The value for the amount fed represents
the sum of the concentrations of the 2
amino acids in the mead. The concentra-
tion of leucine plus isoleucine increased in
buth the portal and systemic plasma after
force-feeding zein. However, the increase
was much greater in both after administra-
tion of zein hydrolyzate. The curve for
lucine  plus  isoleucine in the  portal
[asma after feeding zein hydrolyzate ap-
pears to be similar to the corresponding
curve for proline (fig. 1) although the
hydrolyzate contained almost 3 times as
much leucine plus isoleucine (2380 pmoles)
as proline (850 umoles). The systemic
plasma curves for these amino acids dif-
fer markedly, with the leucine plus iso-
leucine values being much hicher than
those for proline after the first hour.,

The effect of force-feeding vein or zein
hydrolyzate on the plasma concentration
of lysine, an indispensable amino acid not
present in zein, is also shown in figure 2.
In contrast with the results shown for
the dispensable amino acids, ghitamine
and glycine, the plasma concentration of
lysine decreased after the administration
of rzein or zein hydrolyzate, the decrease
being greater with the latter.

Casein and cascin hydrolyzate.  Gha-
timic acid is the amino acid present in
highest concentration (239 ) in cascin.
Although a relatively large quantity (1568
mnoles ) of this amino acid was foree-fed
In the cascin or cascin hydrolyzate. its
toncentration did not increase appreciably
In cither case (fig. 3). Also, plasma glu-
lamic acid concentration increased to the
same extent whether the meal contained
casein or casein hydrolyzate and the con-
ventration of glutamic acid in the portal
plasma increased only slichtly above that
in the systemic plasma. Comparison of

‘.

the portal plasma glutamic acid concentra-
tions of rats that received intact zein. or
casein (figs. 1 and 3) shows that the
value for those receiving casein increased
more.

Although the cascin meal contained less
alanine (453 umoles alanine ingested)
than the zein (1580 pmoles alanine in-
gested) the concentration of alanine in
both portal and svstemic plasma increased
more after force-feeding casein (fig. 3)
than zein (fig. 1). When intact casein
was given, the concentration of alanine in
the portal plasma increased as much as
when the hydrolyzed protein was  fed.
but the maximal concentration was not
rcached quite as early. The alanine con-
centration in the systemic plasma did not
increase after force-feeding casein hydro-
lyzate.

The concentration of proline in the por-
tal plasma increased substantially after
force-feceding casein and a  somewhat
snuiller incrcase occurred in the systemic
plasma (fig. 3). Comparable increases
were not observed when intact zein (fig.
1) was given. A greater increase occurred
in the concentration of proline in the por-
tal plasma after force-feeding the casein
hydrolyzate (fig. 3). This increase was
comparable to that observed after force-
feeding zein hydrolyzate, although the
amount of proline ingested in the casein
hydrolyzate was somewhat greater (1071
moles for casein hydrolyzate as opposed
to 850 pmoles for zein hvdrolyzate). The
increase in the concentration of proline in
the systemic plasma after the ingestion
ol hydrolyzates of zein or casein was al-
ways much less than the increase in the
proline concentration in the porcal plasma.

The concentration of serine increased
to the same extent in both portal and
systemic plasma when casein was force-
fed (fig. 3). This increase was somewhat
greater than that observed when zein was
force-fed (fig. 1), although in the latter
case more serine was ingested (743 nmoles
as apposed to 656 ymoles ingested when
casein was fed). When casein hvdrolvzate
was given. the increase in plasma serine
was similar to. but slightly less than. that
observed after Eiving intact casein.

Force-feeding casein caused a marked
increase in the concentration of glutamine
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Fig. 3 Concentrations of amino acids in portal and systemic plasma at succe
vals after force-feeding cascin or casein hydrolyzate,

in both portal and systemic plasma; yet
force-feeding the hydrolyzate had much
less effect (fig. 3).

Force-feeding casein resulted in an in-
crease in the concentration of valine in
both portal and systemic plasma. the in-
crease in the systemic plasma being some-
what smaller (fig. -1). When cascin hyvdro-
lyzate was force-fed. much larger increases
in valine concentration occurred in both
portal and svstemic plasma. the concen-
tration again being lower in the systemic
plasma.

| c/PORTAL PLASMA |SYSTEMIC PLASHA
12 CASEIN
C . l“ . CHSEIN
% o8l e -
o ) [ £ ,0\0
o
0.4 cauEN 9o )
HYCROLYSATE | cAsEIN
HYDHOUSAIEJ
[o] 1 1 1 i ) QU S §

1
2 FO t 2

FO 1
HOURS AFTER FEEDING

ssive inter-

The concentration of threonine in the
portal plasma increased well above the
fasting value when cascin was Force-fed
(fig. 1), but the systemic plasma concen-
tration did not increase appreciably, The
portal  plasma concentration increased
more rapidly during (he first hour after
force-feeding  the hydrolyzate, but the
maximum was not quite as high as that
observed when intact cascin was given,

The concentration of glycine did not
increase appreciably in either portal or
systemic plasma after force-feeding cascin
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Fir. 4 Concentrations of amino acids in portal and systemic plasma at successive inter-
vals after force-feeding casein or casein hydrolyzate.

ur cascin hydrolyzate (figr. 4). The curves
doscly resemble those for glycine after the
leeding of zein which contains no glycine
ffig. 2). Cascin contains only 2% of
#lycine.

The concentration of leucine plus iso-
leucine increased moderately in the portal

plasma and only slightly in the systemic
plasma after casein was force-fed (fig. 4.
The concentration of leucine plus isoleu-
cine increased much more in the portal
plasma after adninistration of casein hy-
drolyzate; however, the general shape of
the curve closcly resembled that obtained
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with intact casein. The concentration of
leucine plus isoleucine in the systemic
plasma after force-feeding the hydrolyzate
was greater than that observed after intact
casein but was still well below the maxi-
mal leucine plus isoleucine concentration
observed in portal plasma. When casein
hvdrolvzate was force-fed. the concentra-
tion of leucine plus isoleucine in the
plasma increased more in proportion to
the amount ingested (1342 pmoles) than
when rein hydrolvzate (containing 2380
umoles) was fed (fig. 2).

The concentration of lysine (fig. 1) in-
creased moderately in the portal plasma,
but changed very little from the fasting
value in the systemic plasma after casein
was force-fed. Foree-feeding casein hydrol-
yzate caused a rapid increase in the con-
centration of lysine in the portal plasma,
but the concentration in the systemic
plasma was not appreciably affected.

DISCUSSION

The changes which occur in the con-
centrations of free amino acids in the
plasma after the ingestion of dietary pro-
tein depend upon the amino acid composi-
tion of the dietary protein; the rate at
which the protein empties from the stom-
ach: the rate of release of free amino acids
from the protein during digestion: the
rates of absorption of the amino acids: the
extent to which the amino acids are metab-
olized by the intestinal tissues during ab-
sorption: and the rates of removal of the
absorbed amino acids from the blood.
Guggenheim et al. (5. 6) have suggested
that, although the concentration of amino
acids in the portal blood may serve as a
guide to amino acid availability, the rela-
tionship between portal blood concentra-
tions and availability is neither direct nor
simple. Denton and Flvchjem (7) and
Morrison et al. (8) have shown that differ-
ences in the availability of amino acids in
dietary protein mav be reflected in blood
amino acid concentrations.

An overall comparison -of the amino

acid patterns in the portal plasma after the,

test proteins or their hydrolvzates were fed
shows that the amino acids of zein and
about one-half of those of cascin were
absorbed into the portal blood more rapidly
when hydrolyzates were fed. This indi-

cates t]i_at digestion of the protein was for

the most part a more limiting factor than
amino acid absorption in determining the
rate of entry of the dietary amino acids
into the portal blood in these experiments.

The rclatively low concentrations  of
amino acids in the portal plasma after
feeding intact zcin indicates that the
amino acids ol zein were less available for
absorption than those of cascin.  Thig
might be expected owing to the high cun-
centration of nitrogen, apparently from
undigested protein, found in the intestingl
contents of animals fed zein (12), and iy
in agreement with the observation of Gold.
berg and Gugpenheim (6).

In these cxperiments even when the
diet contained hydrolyzed protein some
amino. acids were not absorbed into the
portal blood in direct proportion to their
concentrations in the test meal. In this
connection Orten et al® and Pinsky and
Getger (9) found that the rate of absorp.

tion of individual :umnino acids by the in-

testine was affected by the presence of
other amino acids, and Orten® found that
the overall rate of absorption of an aming
acid mixture, as well as the pattern of
the mixture that is absorbed, are affccted
by the qualitative compaosition of the mix-
ture present in the intestine.

The frequent lack of corrclation by
tween the rates of absorption of dictary
amino acids (as manifested by fncreases
in their concentrations  in the portal
plasma) and the quantities of these aming
acids ingested may thus be due in part to
the effcets of the particular amino acid
mixture present in the intestine on the
absorption process. The presence of rela.
tively large quantities of certain aming
acids may depress the absorption of other
amino acids. For example, when zcin
hydrolyzate is fed, the proportion of ley.
cine invested is very large. The presence
of a relatively large concentriation of lea.
cine in the intestinal contents could con.
ceivably depress the rates of absorption of
other amino acids.

Also, the rates of absorption of individ.
ual amino acids differ markedly (10-12),
These differences could have considerable

30rten, A, W, K. Korzumi and 1. . France 19%1
Federation Proc., 10: 3% (abstract).
¢ Orten, A, H. 1961 Federation Proc., 20: 2d,

s s s
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effect on the response of the plasma amino
acid pattern to the feeding of protein or
protcin hydrolyzate.

The observation that the ingestion of a
large quantity of cascin or its hydroyzate
caused only a relatively small increase in
the concentration of glutamic acid in the
portal plasma is in agreement with results
obtained by Dent and Schilling (12) with
dogs fed casein, I other experiments the
administration of glutiimic acild alone re-
sulted in a relatively small increase in the
concentration of this amino acid in the
portal plasma (3). As was previously sug-
gested (3 the relatively small increase in
portal plasma glutamic acid may be - the
result of a relatively low rate of absorption
of glutamic acid from the intestinal lumen
(11, coupled with a high rate of metabo-
lism of this amino acid by the intestinal
cells during absorption (13),

The decrease in the concentration of
plasma lysine observed alter feeding zein,
aned the still Larger decrease ohserved after
freding the hydrolyzate. sugpests that the
free lysine in the plasma was drawn into
thee cells during stimulation of  protein
synthesis caused by the influx of amino
acids from the intestine. The more pro-
mounced lowering effect of the hydrol-
yziate woulld then be expected as a resalt
of mware rapid absorption of the free amino
acids, Wua (14 also observed a decrease
in the concentration ol lysine in the
plasma of rats fed a zein diet for 12
days; and Hill et al. (15) in experiments

. on chicks found that the addition of 15%

of zein to a dict containing 957 of soy-
bean protein resulted in a marked deerease
in the concentration of lysine in the
plasma. '

The lack of change in the concentra-
tion of glycine after the feeding of ze¢in
or zein hydrolyzate indicates cither that
the influx of the dietary amino acids had
no effect on the metabolism of glyveine: or
that the utilization of glycine by the tissue
increased but de novo synthesis of vlveine
compensated for the increased utilization
so that no net change in the concentration
of glycine in the plasma was observed.

The incrcase in plasma glutamine con-
centration after the feeding of zein or
zein hydrolvzate indicates synthesis of this
amino acid_ in response to the production

'

of ammonia during the metabolism of the
ingested amino acids (16). However. the
larger increase in plasma glutamine ob-
served after feeding casein as opposed to
its hydrolyzate cannot be adequately ex-
plained on this basis.

When considered as a whole, the results
of this investigation indicate that the re-
sponse of the plasma amino acid pattern
to the ingestion of a protein or its hvdrol-
vzate is complex, and depends. on many
factors in . addition to the digestibility
of the dictary nitrogen source. However,
comparison of the concentrations of free
amino acids in the portal plasma after
feeding the unhydrolyzed proteins does
show that the amino acids in cascin are
more available for absorption than those
of zein and indicates that such compari-
sons may provide useful information about

“the relative digestibility of dictary proteius.
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ACCUMULATION OF GLUTAMIC ACID IN THE
ARCUATE NUCLEUS OF THE HYPOTHALAMUS
OF THE INFANT MOUSE FOLLOWING
‘SUBCUTANEOUS ADMINISTRATION OF
MONOSODIUM GLUTAMATE!

V.J. PEREZ‘ and J. W, OLNEY?2

Department of Psychiatry, Washington University School of Medicine, St. Louis,
: _ Missouri 63110

Journat of Neurochemistry, 1972, Vol. 19, pp,

(Received 6 December 1971, A ccepted 25 February 1972)

Abstract—Monosodium L-glutamate was injected subcutancously into 4-day-old mice at a

dose of 2 mg/g body wt. The infants were killed at sequential intervals after injection, the
brains were frozen, and samples of the arcuate nucleus (NA), ventromedial hypothalamus
(YMH) and lateral thalamus (LT) were micro-dissected from lyophilized sections for
glutamate assay. Blood glutamate levels were also determined for comparison with brain
levels of glutamate at corresponding post-injection intervals. Glutamate levels in the NA
steadily increased to reach a peak value of 110-9 mmol'kg dry wt. at 3 h following injec-
tion, whereas the highest levels reached in the VMH or LT were about 41-7 mmol/kg dry wt.
Return to control values of about 25 mmol/kg dry wt. occurred gradually over a period of
" 12-15 hiin all three brain regions. Blood glutamate concentrations peaked rapidly, reaching
a maximum of 40 my within 15 min’ but returncd precipitously to near-baseline values
(below 1 m») in the 1-3 h interval after injection. We discuss possible mechanisms to
account for the transient marked accumulation of subcutancously administered glutamate

in the NA and how this might relate to the sclective destruction of arcuate neurons which
occurs simultaneously. .

- MONOSODIUM glutamate, administered orally or subcutaneously, at a dose of 0-5-4-0

mg/g body wt. in mice and rats destroys neurons in the inner layers of the retina
(Lucas and NEwHoOUSE, 1957; PotTs, MODRELL and KINGSBURY, 1960; CoHEN, 1967;
OLNEY, 19694) and arcuate nucleus (NA) of the hypothalamus (OLNEY, 19695, 1971;
OLNEY and Ho, 1970; BURDE, SCHAINKER and KAYEs, 1971; EvErLy, 1971). OL~NEY
(1969b) reported that mice treated during infancy with mon
exhibited obesity and neuroendocrine abnormalities as adults. Certain other acidic
amino acids also known to have neuroexcitatory properties (namely, aspartic, cysteic,
cysteine sulphinic and homocysteic acids) produce lesions identical to those produced
by glutamate (OLNEY and Ho, 1970; OLxEy, Ho and RHEE, 1972).

The lesions in the retina and NA are similar (OLNEY, 19694, 1971) being charac-
terized by rapid swelling of ncuronal dendrites and cell bodies followed by nuclear
pyknosis, all occurring within 6-8 h after administration. Cellular edema subsides
by 12 h and many of the necrotic neurons are already phagocytized by 24 h. By the
fourth post-treatment day phagocytosis and biological degradation of degeneration

osodium glutamate

This research was supported by grants MH-09247, NS-09156, NS-8909,
2

Recipient of Research Carcer Development Award MH-38894.

Abbreviations used: LT, lateral nucleus of the thalamus; NA, arcuate nucleus; VMH, ventro-
medial nucleus of the hypothalamus.
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products are virtually complete and by day 8, there are no striking histological
abnormalities within the area other than the marked decrease in number of neurons.
Glial and ependymal cells within the arcuate region show distinct swelling as early as
15 min after treatment but this is a reversible event.

The purpose of the present study was to ascertain whether the NA of the infant
mouse has a tendency to accumulate subcutaneously administered glutamate during
periods of lesion formation. QOur suspicion that this might be so was corroborated by a
4-fold increase in glutamate levels in the NA at 3 h, with only a slight elevation in
the immediately adjacent ventromedial nucleus of the hypothalamus (VMH) or in
a more remote region, the lateral nucleus of the thalamus (LT).

EXPERIMENTAL

Animals, Eighteen litters of 124 male and female Webster Swiss albino mice (4-days old at the
start of the experiments) were used. According to the split-litter technique, 76 mice were injected
subcutancously with a 109 (w/v) aqueous solution of L-glutamic acid, monoscdium salt (Sigma
Chemical Co., St. Loius, Mo.) at a dose of 2 mg/g body wt. Four control mice were untreated. At
0 (controls), 7-5, 15, and 30 min, and 1, 3, 6,9, 12 and 18 h after injection the mice were decapitated
and the heads were immediately frozen on solid carbon dioxide and stored at —90°C. There were
4 mice in each of the groups, except for the 6-h group in which there were 12 mice and for the 9-,
12- and 18-h groups, cach with 8 mice. For measuring blood glutamate the remaining 48 mice were
treated as already described and decapitated at O (controls) 15 and 30 min, and I, 3 and 6 h after
injection at which times blood was collected in heparinized capillary tubes.

Preparation of tissues and chemical assays. In a cold room at —15°C the frozen heads were blocked
by removing unwanted portions. with a scalpel blade. To avoid traumatizing the arcuate region the
base of the skull was left intact. The resulting block consisted of the entire thalamus and hypothalamus
plus portions of the directly subjacent skull. These blocks were mounted on aluminium tissue holders
with brain paste and transverse sections 40 um thick were cut at —17°C and freeze-dried, as described

by Lowry (1953). Sections were stored evacuated at —30'C uatil assayed. Blood samples were

centrifuged at 25°C and the plasma was frozen and stored at —30°C.

Fic. 1.—Sketch of a coronal section of mouse brain showing the approximate loca-

tions of the arcuate nucleus (NA), ventromedial hypothalamus (VMH) and lateral

thalamus (LT) from which our samples were micro-dissected and weighed (LowRry,
1953) and assayed for glutamic acid (YounG and Lowry, 1966).
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Fi6. 2.—Coronal sections of brain from 4:day-old mice taken 3 h after subcutaneous

injection with physiological saline (left) or with monosodium L-glutamate (right),

2 mg/g body wt. The experimental section illustrates neuronal degeneration in the NA

produced by glutamate. No abnormalities were evident in the immediately adjacent

VMH. Brains were fixed, sectioned-and stained according 10 histological procedures
described by OLNEY (1971). Magnification >: 100,
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Glutamate accumulation in arcuate nucleus 1779

Bilateral samples weighing 0-2-1-2 pg were dissected by hand from the NA, VMH and LT (Fig. 1)
of frozen-dried sections from each mouse and weighed on a quariz-fibre microbalance, as described
by LowRry (1953). Glutamic acid was assayed in all tissue samples and in the 0-, 3-'and 6-h biood samples
by the histochemical method described by YouxG and Lowry (1966), except that during cycling we
used only one-tenth of the amount of glucose-6-phosphate dehydrogenase (EC 1.1.1.49) and glutamate

" dehydrogenase (EC 1.4.1.3) recommended by LowRy and PASSONNEAU (1963) for maximal cycling,

and cycling was carried out for only 30 min. Glutamate in blood samples taken 15 and 30 minand t h
after injections was measured with the ‘macro’ method of Younc and LowRry (1966).

:

- RESULTS

Because of the marked edema that developed in the NA of the infant mice in the
30-min to 6-h groups we could distinguish this region even in unstained sections as a
zone appearing different from the remainder of the brain. However, to accentuate
the effect for purposes of illustration, we also prepared stained sections from perfused
animals (Fig. 2). It was a striking feature of the hypothalamic lesion induced by a
2 mg/g dose of glutamate that only the cells in the NA were affected, with those in
the immediately adjacent VMH left entirely unaltered.

For purposes of comparison with blood levels, the levels of glutamate in control
brain samples were converted from mmoles/kg dry wt. to mmoles/kg wet wt. by
multiplving the dry wt. values by 0-12, since the water content of the infant rodent
brain (rat) is approximately 88 %, (Piccort, GRYNBAUM and LAJTHA, 1971). In control
animals the glutamate content was virtually identical in the NA (3:35 mmol/kg
wet wt.), VMH (3-27 mmol/kg) and LT (3:28 mmol/kg) with little variation among
animals. The corresponding levels expressed per kg dry wt. were 27:9, 27-2 and 27-4
mmol, respectively (Fig. 3).

In the NA of experimental animals the glutamate levels doubled within 15 min,
reached a maximal mean level of 110-9 mmol/kg dry wt. at 3 h, decreased to. near

—e Arcuate(NA)

—-a Ventromedial Hypothalomus(VMH)
—o (loteral Thalomus(LT)

~& Plasma

S
:

b d
o

~
Q

[
o

mmoles/Kg Dry WT{bram)or mM (plasma)

2 - 4 [ 8 10 12 14 1% 18
Time (hours)After Injection

FiG. 3.—Blood concentrations and regional distributions of glutamic acid in brains
of 4-day-old mice at various times after the subcutancous injection of monosodium
r-glutamate, 2 mg'g body wt. Each point represents the mean of glutamic acid
(mmoles/kg dry wt. or mim) for blood from 8 mice or for bilateral samples of NA,
VMH and LT from 4 mice at 0 (controls) through 3 h, 12 mice at 6 h and 8 mice in
each group thereafter. Glutamic acid was measured as described by Youxcg and
Lowry (1966) with the modifications outlined in the text section on Methods.
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1780 V. J. Perez and J, W. OLney

control levels (39:2 mmol/kg dry wt.) by 9 h, but did not reach control levels of
approximately 27 mmol/kg dry wt. until 12-18 h (Fig. 3). Although the mean level of
glutamate in the NA at 6 h was 56-7 mmol/kg dry wt., it was at this time that the
greatest variation among animals occurred, with values ranging from 29-2 to 165-8
mmol/kg dry wt. For this reason, tissues from 12 mice were assayed at 6 h and from
8 mice at each time thereafter. Glutamate concentrations in the NA of experimental
" animals are expressed only in terms of dry wt. (as they were actually measured)
because the dry/wet wt. conversion ratio available for normal brain would not give
an accurate reflection of the true wet wt. concentrations of glutamate in-the edematous
NA of experimental animals, : )
In contrast to the marked increase in the levels of glutamate in the NA, there was
only an increase of less than 16-7 mmol;/kg dry wt. (2 mmol/kg wet wt.) above control
levels in the VMH and LT. In these regions glutamate levels peaked rapidly to about
37-5 mmol/kg dry wt. at 15 min, decreased slightly until 3 h, and then increased to a
maximal value of about 41-7 mmol/kg dry wt. by 9 h after injection. A circadian,
periodic fluctuation in blood concentrations of glutamate was described in mice by
FEIGIN, DANGERFIELD and BEISEL (1969). Therefore, we propose that the gradual
secondary upswing in the VMH and LT curves may reflect a circadian periodicity

* for brain levels of glutamate, so that in both the NA and these other regions, the levels

of glutamate at 9 h could possibly be considered normal. :

The concentration of glutamate in” blood rose sharply from control values of
0-12 m» to a peak mean concentration of 40-1 my by 15 min after injection. A rapid
decline, however, brought blood glutamate levels to the normal range (less than 1 mM)

in the 1-3 h interval, during which time glutamate levels in the NA continued to
increase steadily. .

DISCUSSION

The marked accumulation of glutamate in the NA and the minimal accumula-
tion in the adjacent VMH, coupled with histopathological evidence that neurons of
the NA but not those of the VMH swell massively and die over a 3-6 h period follow-
ing the injection of L-glutamate. js consistent with the view that glutamate ions play
a relatively direct role in producing this cytotoxic syndrome. It js puzzling, however,
that the arcuate region should progressively concentrate glutamate, even against a
steep tissue-to-blood concentration gradient, while its neurons are being destroyed
by the process. In the 15- to 30-min interval following glutamate administration, when
blood levels probably transiently exceeded those of the NA, it is possible that the

_influx of glutamate occurred by passive transfer across permeable blood-brain

barriers. For several hours thereatter, however, the level of glutamate continued to
rise in the NA, despite blood concentrations estimated to be only one-tenth to one-
twentieth those in the NA. This phenomenon suggests that an active transport
mechanism was responsible for at least part-of the uptake of glutamate by the NA.

It is a characteristic of brain tissue in vitro that it actively concentrates glutamate, a
phenomenon which is presumed to be intracellular and is associated with swelling
of the brain slice and with an influx of water and K+ (STERN er al., 1949; TERNER
et al, 1950; Paprius and ErLiorT, 1956; Tower, 1958; TakaGaki, HiraNo and
NAGATA, 1959; BOoURKE and TowER, 1966). Electrophysiological experiments in ritro
suggest that exposure of brain slices to glutamate induces depolarization and increased
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Glutamate accumulation in arcuate nucleus 1781

permeability of neural membranes to Na* (BRADFORD and McILWAIN, 1966; HARVEY
and McILwaiN, 1968). Assuming that there is an ineffective or absent blood-brain
barrier to glutamate in the arcuate region of infant mouse brain, this tiny portion of
the brain would be directly exposed to the glutamate concentration in the blood,
much as a brain slice in vitro is exposed to the glutamate in the incubation medium.
In either the in vivo or in vitro situation it might be a toxic effect of the glutamate
ion itself which causes the brain tissue to concentrate the ion. Alternatively, the
phenomenon could reflect some physiologic mechanism for concentrating glutamate
intracellularly, in which case we would need to postulate absence of a shut-off
mechanism to protect the cell against incorporation of toxic excesses.

From microelectrophoretic studies in vive it is known that the introduction of
glutamate into the extracellular surroundings of neurons stimulates neuronal firing
(CurTtis, 1969). The neurotoxic syndrome under consideration here may represent
an exaggeration of this neuroexcitatory phenomenon. Instead of reversibly depolariz-
ing the neural membrane by a transient slight increase in extracellular glutamate, as
occurs in the electrophoretic situation (CurTis, PuiLLis and Watkixs, 1960), the
subcutaneous administration of glutamate to infant mice, by producing a sustained
elevation in the extracellular concentration of glutamate in the arcuate region, may
cause a persistent depolarization and prolonged increase in permeability of neural
membranes. Such a set of events prob:ibly could lead to necrosis of involved neurons
as a result of the persisting loss of protection normally aiforded by the usual permea-
bility characteristics of the plasma membrane of the neuron,

Support for the thesis that the ncuroexcitatory and neurotoxic phenomena
associated with administration of glutamate in rivo are linked by a similar underfving
mechanism is provided by recent studies on molecular specificity (OLNEY ez al., 1972).
In these experiments it was shown that a select group of acidic amino acids (aspartic,
cysteine sulphinic, cysteic and homocysteic acids and certain substituted synthetic
congeners of these compounds) which share with glutamic acid both a similarity in
molecular structure and an ability to excite neural membranes also share with glutamic
acid an ability to selectively necrose arcuate neurons when given subcutaneously to
infant mice. It has been postulated that one of the functions of glutamic acid in the
brain is that of a neurotransmitter (KrNJEVIC and PriLuis, 1963; CurTis, 1969). If
this were the case, it would be essential that the glutamate released at nerve endings
be either metabolically inactivated extracellularly or immediately returned to the
intracellular compartment to prevent prolonged stimulation of the post-synaptic
apparatus. The need for immediate re-uptake, i.e. for maintaining the extracellular
environment free of glutamate ion, may underly the rapid uptake of glutamate by
tissue slices in vitro or by cells.of the NA in vivo.

There have been a number of efforts to clarify whether any exchange of glutamate
between blood and brain occurs. Our data pertaining to glutamate uptake by the
VMH and LT are consistent with other studies on infant rodents (THURSTON and
WARREN, 1971; HiMwicH, PETERSON and ALLEN, 1957) in which a small elevation of
whole brain levels of glutamate was detected following parenterally administered
L-glutamate. Others, carrying out similar experiments on adult rodents consistently
found that no net increase in the brain content of glutamate was measurable following
parenteral loading (SCHWERIN, BessmMAN and WAELSCH, 1950; LasTHA, BERL and

WAELSCH, 1959) but intecpretations of the phenomenon ditfer. Initially, it was assumed.

-
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that blood-brain barriers against glutamate are poorly developed at birth, but become
so well established thereafter that glutamate is simply excluded from entering the
adult brain. The more recent studies by LAITHA ef al. (1959) of the uptake of radio-
active glutamate suggest rather that glutamate enters adult brain from blood but is
not detected as a net increase in brain glutamate because an equal amount is
immediately either returned to the blood or converted metabolically to other com-
pounds. Regardless of which interpretation is correct, in the adult and even to a
large extent in the infant, most of the brain is apparently protected by a mechanism
geared to maintaining a steady-state with regard to brain levels of. glutamate. Qur
data suggest that the NA of the infant mouse lies outside this ‘protection’. Measure-
ment of enzyme activities concerned with glutamate metabolism in the NA of jnfant
brain for comparison with activities in other more ‘sheltered’ regions should help to

clarify whether differing metabolic capabilities underly the greater tendency of the

NA to accumulate glutamate despite the dire cytotoxic consequences.

" Acknowledgement—We thank Dr. E. Rosixs for his helpful comments in preparing this manuscript.
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EXPERIMENTS IN THE TOXICITY OF AND TOLERANCE FOR MONOSODIUM GLUTAMATE

WITH A TEST OF AVOIDANCE RESPONSE CONDITIONING

W. Pinto-Scognamiglio, L. Amorico, G.L. Gatti

The Laboratory of Therapeutic Chemistry of the Istituto Superiore di

Sanita - Rome

The use of glutamic acid or of monosodium glutamate (MSG) has
been proposed several times in cases of mental retardation, but there
is a notable divergence of opinions both in regard to the efficacy
of such therapy and in regard to the doéage. Various authors in fact
hééﬁu;ed doses that ranged from 5 to 140 g daily (21,1).

The MSG is also used in food as an additive "emphasizing the

flavors" or as an actual food ingredient. It has been calculated

that the total daily intake through all possible reasonable uses of

the product (except for therapeutic uses) is on the oxder of 0.7 g,

that is 0.01 g/kg in the case of the adult (3). This value is notably
less than the limits established by the World Health Organization:

in fact, the competent Committee has concluded that the product

“could be administered in the amount of 0-120 mg/kg (undonditional ADI),
applicable to the whole population except for -children under 1 year

of age'" (20).

Indications of undesired secondary effects have not been

“lacking either following the administration of MSG for therapeutic

purposes (103}, or followingithe intake of food:which contains it as
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an additive or ingredient (the sq%alled Chinese restaurant syndrome) (17).

In the evaluation of the therapeutic and toxicological data,
it is nevessary to remember that the administration of MSG leads to

a rapid increase of the hematic concentration of glutamic acid, followed

-within

/about 2 hours latm¥ by a return to almost normal values(9). On the
other hand, plasmﬁic values of glutamic acid 50 times higher than
the normal one can be accmmpanied by concentrations in the brain
that are not significantly different from those for the control(1l).
In spite of this, results have been reported in favor of the stimulating
effect of MSG on the central nervous system, for example an increase
in spontaneous motor activity (7) and in the capacity for learning
of the rat in a labyfinth (22). On the other haﬁd, more recent
results so far reported only in summary form, seem to deny that MSG
can exert influence on the behavior of rats and monkeys (16).

The expér{kyents described here have been conducted to eva-
luate the effects of MSG on the conditioned avoidance response
behavior in rats. The acute effects have been studied on the adapta—.
tions of previously trained animals, cmmparing them with the effects
caused by equivalent doses of sodium chlqride (NaCl), either the
effects of the treatment in the training period or finally the tole-
rance phenomenqg;thét develop with repeated‘treatment.

It is noted that following the prevailingly negative results v
of preliminary experiments, the tests described here have been

farge—
conducted with-high~do§égs of the products. These experiments are
presented not only because they show the scarcity of the effects

of MSG but also because they form a further example of experimental
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procedures for the study of possible toxic effects of various types
laboratory
of products on the conditioned behavior of theAanlmal

i
i

: {
The Experimental Part \

Before the beginning of the experiments on conditioned behavior,
tests for acute toxicity were made with MSG an& NaCl orally on rats
andvmice accordiﬁg to the conventional metho@}ﬂ

For the conditiohing tests there were used male white rats
raised in our Institute, belonging to a strain derived from the
Wistar strain. The animals weighed 200-250 g at the beginning of the

experimentsS.

AERaratus

A series of pieces of apparatus

t./‘<'

gwere used for the study of
bidirectional avoidance response conditioning, with automatic
programming and registration (shuttle-box) (4). Each group of apparatus
inc;udes a rectangular box, 490x270x225 mm, connected to a system for
programming and to a register of mEENxxEREEs results. The box,
w1thout any 1n51de ;eéaretlnn, hgas a floor formed by metal bars

with a diameter of 3 mm through which there can be administered an
electric shock (unconditioned stimulus, US), which in these experi-
ments has alwaye been 1.5 mA., The floor is balanced on a central

axis in order to permit microswitches to‘iﬁdicate the presence of

the animal in the left or right part of the cage. In the center of

the ceiling, there is a light source with 10 w, that furnishes the

conditioned stimulus (CS).
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The Conditioning Program

The animals have been subjected daily, ekcept Sunday, to con-
ditioning sessions of 25 minutes in@ach one of which they received
SO tests at regular intervals of 30 seconds. Each test began with
the lighting of the CS, followed after 5 seconds later by the US.
A crossing response during thé@irst 5 séconds of the presentation
of the CS (a conditioned response, CR) put an end to the?égeand pfe—
vented the administration of the US; a crossing response after the
peginning of the US put an end simultaneouSiy to the CS and US.
The crossing of the cage during an interval between tests was punished

with an electric shock so that the animal was.compelled to return

to that part of the cage in which the preceding test was concluded.

Experimental Procedure

a) The effects of MSG and NaCl on previously trained animals.-

For this expériment there were used exclusively rats that in a pro-
et

longed training period had reached high{uastable levels of adaptation

(CR > 80% for three consecutive sessions). All of these animals had

received orally, before mxexy each training session, a volume of

water equal to that of the solution of MSG or of NaCl subsequently
administered. For the asxkm actual pharmacological experiment, 4

groups of animals were treated orally 30 minutes before the test,

with MSG 5 g/kg, MSG 10 g/kg, NaCl 1.7 g/kg (a dose equivalent to that

of 5 g/kg of MSG) and NaCl 3.4 g/kg (a dose equivalent to 10 g/kg

of MSG) respectively.
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b) The effects of MSG on the acquiring of conditioning - This

eXperiment was conducted in two parts: in the firsg comparison was
made of a group treated #aily, orally, 30 minutes before eaéh session
with § g/kg of MSG and a control group treated with water; in the
tarxerxgxamp second part a group treated with 10 g/kg of MSE and
anbther control group were subjected to training tests. Each group
was composed of 18 animals without previous experience; they were.

stbjected to tests for 8 days, with one day's interval between the

first 5 sessions and the last 3 sessions. Furthermore, in the

second part of the exper%fyent (that is the one with the dose of 10 g/kg),

the animals were subjected to tests for another 3 days in order to

study the effects of the so-called change of state (14), that is to

-say, of the administration of MSG to the group previously treated

with water and vice versa.

c) The tolerance for MSG. - The checking, in the course of

the preceding experiment, of phenomena of tolerance to MSG required
the performancé of another experiment designed to give preliminary

indication on the response mechanisms of tolerance itself. In fact,

'previous experiments have shown that the disappearance of the effect

of a psycho-drug on behavior following repeated treatments can be
due Eikhzx to a true tolerance insofar as it can be verified in
animals treated afterwards rather than before each test (6,5). There-

fore, a group of 12 rats previously trained was treatéd for 12 days

with water before the tests and with MSG after the tests (5 g/kg daily

for the first 6 days and 10 g/kg daily for the other 6 days). Subse-

quently, 10 -g/kg of the product were administered 30 minutes before
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the begiq@ng of thextest for 2 days. Another group of 14 rats was
treated instead only with water before and after the tests for 12
days and then with MSG before the tests for the last 2 days of the

experiment.
Results
Toxicity

The LD50 of MSG and of NaCl are indicated in Table I.

The acute effects of MSG and NaCl on previously trained animals

Table II indicates the frequency of the conditioned avoidance

responses before and after the treatments. It appears evident that
7370

4only very'higﬁ doses of MSG and of NaCl, i.e., higher than one half

of the respective LDS50 caused a significant reduction in the frequency

of the CR.

Table 1
Acute toiicity of monosodium glutamate (MSG) and of sodium chloride

(NaC1) when administered orally. (*)

1"

Topino Ratto
Mouse 4 Rat

MSG 19,20 (22,84-16,13) | 16,60 (18,90-14,50)
NaCl 4,00 (4,38-3,65) 4,20 (4,43-3,98)

T et el A L . Tomme LI NP B

{(*) LD50 (g/kg) and the respective limits of confidence up to 95%

calculated'according to the method of Litchfield and W;lcoxon (12).



The effects of monosodium glufamate (MSG) and\of sodium chloride

(NaCl) on the avoidance response behavior in previously trained

rats.

e N

Table II

i
Average of the UKo

%{7) :. E.Ig.

fedia“delle RC (in
N. Controrls Saiag.  Difference
’ : Conirolli ! Trattati © .| Differenza p (M
;\;SG‘ 5 g/kg | 21 | 77432 | 71,7246 | 57%30 | ns.
' : 10 g/kg 18 | 86,134 | 51,2 =69 | 34, 2 | <0,001
, 1\ ' o 17 g/kg | 16 | 90020 | 826+42 | 74242 | ns.
34g/ke | 17 | 88915 | 66,167 | 22865 | <0005

*Levels of significance Cgtudent% t through paired observations, with

two tails).

The effects of MSG on the acquiring of conditioning.

The resuit%of the first part of this experiment are not presented
in detail inasmucﬁ aé differences worthf of note were not discovered
between the control group and the group treated with 5 g/kg of MSG.

For example, the average percentage of-CR along the whole curve of the

eight days of tests was equal to 40 CR in the control group and to

37 in the group treated with MSG.

5804



5804

X

m)’“’"l

Y

PIIG-STOGNAMIGLI0 W.-e Coll.- Il Farmaco o-Ed: Pr. - vol. 27 - fasc. 1 ~ ‘

%

80+ . . '
F ’ {_,t‘ﬂ""r’t
b CONTROLLO R
£ A X g
. r////” /“ S
. P 5 ll'
r . "/JS-G.__{” ) \‘Y’I .
L i s * * %
€0 e
- :
" —4% T T
F 0 H 2 3 H s 6 7. '8 3 S|DOUT’ 1
i e _ SEOUTE
' © Fig.n. 1 e
fr‘ t hetrrawantn manosodicn (MSG 10 afkd nad antPasot T
. Fig. 1
é \ The effects of monosodium glutamate (MSG 10 g/kg p.o.) on the acquisi=
¥
_tion of avoidance response conditioning in the rat.
i
- In the ordinate is indicated the percentage of avoidance responses.
i .
[
. The asterisks for the fourth aad sixth sessions indicate statistically
{* significant differences between the controls and the treated animals.
L_{tudent\s % with two tails for independent samples, p< 0.05 and>0.02).
P
to .
i After the eighth session the treatment was suspended; furthef}more, the
~ same dose of MSG was administered to the rats previously used as controls
[ ’
b before each one of the last three sessions. The double asterisk for the

¥

ninth session indicates a significant decrease in the frequency of con-
ditioned responses in the previously untreated group (a comparison
between the ninth and eighth sessions, t through paired observations,

p< 0.005).
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In the second part of tﬁe experiment, conducted with a very

tia¢n
much bigzgp dose of MSG (i.e., administering every day more than
one-half of the LD50), a retardation was observed in the acquisition
of avoidance response behavior, - this retardation however being
very slight and statistically significant only in the fourth and
sixth sessions(Fig. 1).

The results obtained in these sessions following the acquisi-
tion sessdon confirmed what was already obsexved in the previous
experiments, i.e., the significant reduction of frequency of the
CR following the administration of 10 g/kg of MSG to previously
trained animals. However, the repetition of this treétment quickly

led to a disappearance of the effect, demonstrating the rapid

"establishment of a tolerance for the product. The suspemsion of

" administration of MSG in the other group did not cause any variations

worthy of note in the frequency of CR.
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Fig. 2

Tolerance for monosodium glutamate (MSG).

MSG (lb g/kg p.o.) was administered in the last two days of the
experiment 30 minutes before the tests to two groups of rats: the first
group treated only with water (the broken line) during the preceding
twelve days, the second group previously treated witﬁ MSG (céntinuous
line) after each test (5 g/kg for six dayé and.10 9/kg for another six
days). Theré is noted i&the second group a notable weakemrimyg attenuation
of the decrease in frequency of the conditioned responses normally caused
by thé administration of 10 g/kg of MSG before the test. The data con-
cern the percentage of conditioned responses in the last five days of

the experimeﬁt.

-
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Tolerance faéar MSG

large
Fig. 2 shows clearly that the effects of a/jxigk dose of MSG,

administered 30 minutes before the test (see the control group) are
weakened not only following the repeated admindjtration of the

product before the test but also following the repeated administration
of the product after the test. In fact, éven if, in both groups,
there was a.significant decrease in the frequency of CR in the first
séssion preceded by treatment with MSG, nevertheless this decrease
was much less marked in the group which had previously received the
product several times after the test. The differenceﬁpetween the
decreases observed in the two groups yielded a statistically
significant result (p<0.02 with the Mann-Whitney non-parametric

test, used becau%se of the presence of a significant heterogeneity

‘of the wariants).
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Discussion
The results of the experiments reported above clearly indicate
that the effects of the MSG on the conditioned avoidance response
behavior are of slight importanée until doses with toxic effects are

administered, i.e., kigkzx greater than one half of the LD50. This

conclusion is valid not only with respect to experiment with previously

trained animals, but also with respect to the experiments in which
the product was administered during the learning period in order to
increase the probability of demonstrating a possible depressive
effect.

It is well known that a decrease in adaptations-after a treat-

ment with psycho-drugs can be due not to an actual depressive effect

but to a so-called change of state, where, in a given situation, the
correct performance of the exercise is state-dependent (14). In
this case, a decrease in the adaptation is observed either when the
product is administered to animals nét treated previously, or when
the administration is suspended in a previously treated group. This
occurrence seems excluded in the case of MSG: in fact, no decrease
was observed in the frequency of CR after the suspension of the

which
administration of the product to those animals/wkm had pxExiznusiy

Wﬁemwmpense“b@hﬁmumg}w-
acquired avoidance response behavior under conditionsbf continuous
treatment.

It is also noted that in the course of learning, no?timulating

effect by the product was observed when it was administered in

-

5804



5804

|

11

sub-toxic =££f doses (5 g/kg), in contrast to what has been previously

D

~ _ reported W1th respect to learning in a labyrlnth (22). But it is

t ‘; necessary to be more cautious in excluding the presence of a facili-

”~ OA&J

Ei tating effect that often appegg?A}n tests or under conditions that

n ‘ - moré cautious i.e., than in excludlng\

- i are very specialtAfmx nmxxxuxnxxtu&x the presence of a depressive

?i : effect with xxspxxthnxxhg regard to which various tests yield relative-
ff f ly less heterogeneous results.

£ It is furthef\more noted that already at the second admlnlstra—
§7 tion, the same greater dose of MSG (10g/kg) loses a large part of

’; its effect. It is well known that phenomena of this kind may be due

%i to various causes, i.e., either to a tolerance in the classic sense

- of the word --- as in the case of narcotics and of LSD-ZSV——; or to

{j the coming into action of compensation systems that correct the
?N’—\\ behavior deficit withoht whieh{er-before}-a-trué-teleranco-hasadene-

h leped. a true tolerance having developed or before it develops.

gﬁ> This last occurrence has been demonstrated several times in the

~ course of repéated treatment with amphetamine (18)_or‘scopolamine (5,8,2).
o

. A distinction between the two type§o£ desensitivization is generally

{7 made bxfmeéfs of sultable experlments, i.e.,: aj experiments that

B demonstr;teV;ﬁtéglg drétéréﬁtes in the speed of desen51t1v1zatlon .

. . b ) 7
‘l’ 41 - e A TR T T e

from one test to another; b) experiments that demonstratqégbether or

o

not there are notable differences in the speed of desensitivizaiion
according to whether the repeated treatments are given before each
test tession or at another time, in general after the end of each
eession. In the case of MSG, it has appeared obvious that the

repeated treatment after each test mmkakiy perceptively decreased the

-

Y "”“)W',l A S B



- |

)

-

e

Y

1

o

Y OTY ”‘} ~Y Ty Y

R—

Y Y T

) B

PreNgpes

5804
12
effect of the product when ixxwasxhkegum the administration of the
product was begun before thevtest. Therefore it ought to be con-
cluded that the evidence is in favor of the xadpx rapid development
of a true tolerance.

This phenomenon tends on.the other hand to diminish the
significance of the essentially negative results oﬁtained in the
experiments in which the product was administered from the very
beginning of the learning process (an absence of effect with 5 g/kg,

a not very marked depressive effect with 10 g/kg). In fact, on the
first day, the adaptation%are always very low even in the control
group, which leaves little room for the demon;tration of a retardation
in theﬁearning process. On suz following days the lack of depressive
effects or their scarcity could be attributdd to the rapid establish-
ment of a tolerance.

Finally it is neuvessary to remember that,because of the

scarcity of data in the literature as well, such essentially nega-
tive results dp not lend themselves at the present time to extra-
polations and to generalizations for other situations and spécies.
In particular, as it was recailed in the beginning, the mmtakiy
pﬁxxapxihis elevation of hematic concentrations of glutamic acid even
when of notable amount is not accompanied in adult animals by an
incfease in the concentration of amino acids in the brain (11).
Therefore the negative evidence obtained through beha§ior tests in the
i ORpsimion o\
adult animal is not in itselfﬁwith khak fxam the evidence of damage
caused to the central nervous sustem by MSG if administered during
the period of development (13,19,15). Obviously, tt remains to be

determined if these last effects are to be attributed to a greater
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,;-\\ sensitivity of the central nervous system in the development phasex
pos and organization phases or simply to a more effective penetration

of the product through the hemato-encephalic barrier.
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rESPERIENZE DI TOSSICITA E DI TOLLERANZA
AL MONOSODIOGLUTAMMATO CON UN SAGGIO
DI CONDIZIONAMENTO DI SALVAGUARDIA \ L

Wzl’INTO-§COGNAMIGLIO < L, AMORICO - G.L{ GATTI

LABORATORIO DI CHIMICA TERAPEUTICA DELL’ISTITUTO SUPERIORE DI SANITA - ROMA

RIASSUNTO. — Sono stati studiati gli effetti del glutammato monosodico
~(MSG) sul comportamento bidirezionale di salvaguardia nella shuttle-box,
..con un segnale luminoso come stimolo condizionato (SC), uno shock elet-
«trico di 1,5 mA come segnale incondizionato (SI), un intervallo SC-SI di
*5- secondi, un intervallo jra singole prove di 30 secondi ed un intervallo
. fra sedute successive (di 50 prove ciascuna) di circa 24 ore.

" Solo una dose assai elevata di MSG (10 g/kg p.o.) si é dimostrata

_capace di ridurre la frequenza delle risposte di salvaguardia, sia in animali
-precedentemente addestrati, sia durante il periodo dell'apprendimento. Inol-
_tre si & osservata una rapida comparsa della tolleranza nel corso di tratta-
~menti ripetuti. Alcune delle esperienze sono state eseguile con procedimenti
~aiti @ metiere in evidenza eventuali effetti legati al cosiddetio cambiamento
.di stato (o dipendenza dallo stato: change of state, state-dependency) ed a
~distinguere fra la tolleranza farmacologica vera e propria e la desensibiliz-
$zazione dovuta a compenso per altra via dei deficit di comportamento. Que-
-ste prove hanno escluso un ruolo significativo della dipendenza dallo stato
vnel caso del MSG, ed hanno mosirato che lattenuazione degli effetti del
sprodotto & dovuta ad una vera e propria tolleranza. oo
A v .
S SUMMARY. — A shuttle-box task with a light CS, a 1.5 mA shock as
.US, a 5-second CS-US interval, a 30-second inter-trial interval, and daily
sessions of 50 trials each was used to study the effects of monosodium
-glutamate (MSG) on avoidance behaviour in rats. Only a very high dose
.of MSG (10 g/kg p.0.) was effective in depressing avoidance acquisition
and performance. Furthermore, tolerance appeared rapidly with repeated
-treatment. Additional experiments were carried out designed fo investigate
the role of state-dependency, and to discriminate between true pharmacolo-
gic tolerance and desensitization due to other types of compensation of
drug-induced deficits. These tests excluded a significant role of state-depen-
dency in the case of MSG, and showed that the attenuation of MSG effects
is due to true pharmacologic tolerance.
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L’impiego dell’acido glutammico o del glutammato monosodico
(MSG) ¢& stato pilt volte proposto nei casi di ritardo mentale, tuttavia vi
¢ una notevole divergenza di opinioni sia riguardo all’efficacia di tale te-
rapia, sia riguardo al dosaggio. Vari AA., infatti, hanno usato dosi che
andavano dai 5 ai 140 g al giorno (21, 1). ' '

11 MSG viene anche adoperato in campo alimentare come additivo
« esaltante i sapori » o come componente alimentare vero e proprio. E
stato calcolato che l’assunzione totale quotidiana attraverso tutti i ragio-:
nevoli tsi possibili del prodotto (esclusi quelli terapeutici) &€ dell’ordine
di 0,7 g, cioé 0,01 g/kg nel caso dell’adulto (3). Questo valore & no-
tevolmente inferiore ai limiti stabiliti dall’Organizzazione Mondiale della
Sanity: infatti il Comitato competente ha concluso che il prodotto « po-
tesse essere somministrato nella misura di 0-120 mg/kg (unconditional -
ADI, assunzione quotidiana ammissibile senza condizioni), applicabile a
tutta la popolazione esclusi i bambini al di sotto di un anno di eta » (20).

Non sono mancate segnalazioni di effetti secondari.indesiderati sia
a seguito della somministrazione di MSG a scopo terapeutico (10), sia a
seguito dell’assunzione di cibi che lo contengono quale additivo od in-
grediente (cosiddetta sindrome del ristorante cinese) (17).

Nel valutare i dati terapeutici e quelli tossicologici .occorre ricor--
dare che la somministrazione di MSG conduce ad un rapido aumento
della concentrazione ematica dell’acido glutammico, seguita entro circa
due ore dal ritorno a valori pressochg normali (9). D’altraparte, valori
plasmatici di acido glutammico 50 volte superiori a quelli normali pos-
sono accompagnarsi a tassi cerebrali non significativamente diversi da
quelli di controllo (11). Cid malgrado, sono stati riportati risultati a favo-
re di un’azione stimolante del MSG sul sistema nervoso centrale, ad

| esempio I'aumento dell’attivith motoria spontanea (7) e della capacita
di apprendimento del ratto nel labirinto (22). Viceversa risultati pit re--
centi, sinora riportati soltanto in forma di riassunto, sembrano negare che
il MSG possa influire sul comportamento del ratto e della scimmia (16).

»Le esperienze qui descritte sono state condotte per valutare gli
effetti del MSG sul comportamento condizionato di salvaguardia nel
ratto. Sono stati studiati sia gli effetti acuti sulle prestazioni'di animali
precedentemente addestrati, confrontandoli con quelli provocati da dosi
equivalenti di cloruro di sodio (NaCl), sia gli effetti del trattamento nel
corso dell’apprendimento, sia infine i fenomeni di tolleranza che si svi-
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g luppano con il trattamento ripetuto. A

' Va notato che, a seguito dei risultati prevalentemente negativi di
- esperienze preliminari, le prove qui descritte sono state condotte con dosi

elevate dei prodotti. Tali esperienze vengono presentate non solo in
quanto dimostrano la scarsita degli effetti del MSG, ma anche in quanto
costituiscono una ulieriore messa a punto di procedimenti sperimentali
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per o studio di eventuali azioni tossiche di vari tipi di prodotti sul com-
portamento condizionato nell’animale di laboratorio.'

Parte sperimentale

Prima dell’inizio delle esperienze sul comportamento condizionato sono
state eseguite prove di tossicita acuta con MSG e NaCl per via orale a ratti
e topini, secondo il metodo convenzionale. . :

Per le prove di condizionamento sono stati impiegati ratti maschi albini,
allevati nel nostro Istituto, appartenenti ad un ceppo derivato dal Wistar.
Gli animali pesavano 200-250 g allinizio degli esperimenti.

APPARECCHIATURA

E stata adoperata una serie di apparecchi per lo studio del condizio-
namento bidirezionale di salvaguardia, con programmazione e registrazione
automatica (shuttle-box) (4). Ogni apparecchio comprende una scatola ret-
tangolare di 490 x 270 x 225 mm, connessa ad un sistema di programma-
zione e ad ‘un registratore di eventi. La scatola, senza alcuna separazione
all'interno, ha il pavimento costituito da sbarre di metallo del diametro
di 35 mm attraverso le quali pud essere somministrato lo shock elettrico
(stimolo incondizionato, S1), che in queste esperienze & stato sempre di

15 mA. Il pavimento & bilanciato su un perno centrale in modo da permet-

tere a dei microinterruttori di segnalare la presenza dell’animale nella parte

luminosa di 10 w che fornisce lo stimolo condizionato (SC).

-

~ sinistra o destra della gabbia. Al centro del soffitto si trova una sorgente

"> PROGRAMMA DI CONDIZIONAMENTO

277 Gli animali sono stati sottoposti quotidianamente, salvo la domenica, a
- sedute di condizionamento di 25 minuti durante ciascuna delle quali rice-

vevano 50 prove ad intervalli regolari di 30 secondi. Ogni prova iniziava
con l'accensione dello SC, seguito, dopo 5 secondi, dallo SI. Una risposta
di attraversamento durante i primi 5 secondi della presentazione dello SC
(risposta condizionata, RC) poneva termine allo stesso SC e preveniva la

-+somministrazione dello SI; una risposta di attraversamento dopo V'inizio dello
- SI, poneva termine simultaneamente allo SC e allo SI. L'attraversamento

--della gabbia durante un intervallo fra _prove veniva punito con lo shock
. elettrico, cosi che I'animale era costretto a tornare in quella parte della
.. .gabbia in cui si era conclusa la prova precedente,

‘ PROCED]MENTO SPERIMENTALE

a) Effetti del MSG e del NaCl su animali precedentemente addestrati. -
Per tale esperienza sono stati adoperati esclusivamente dei ratti che nel
corso di un prolungato periodo di addestramento avevano raggiunto livelli
di prestazione elevati e stabili (RC>80% per tre sedute consecutive). Tutti

-Questi animali avevano ricevuto per via orale, prima di ciascuna seduta di
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addestramento, un volume di acqua pari a quello di soluzione di MSG o di
NaCl successivamente somministrato. Per D'esperienza farmacologica vera e
propria quattro gruppi di animali sono stati trattati per via orale 30 minuti

prima del test, rispettivamente con MSG 5 g/kg, MSG 10 g/kg, NaCl 1,7.

g/kg (dose equivalente a quella di 5 g/kg di MSG) e NaCl 3,4 g/kg (dose
equivalente a 10 g/kg di MSG). '

b) Effetti del MSG sull’acquisizione del condizionamento. - Tale espe-

rienza & stata condotta in due parti: nella prima sono stati confrontati
un gruppo trattato quotidianamente, per via orale, 30 minuti prima di

ciascuna seduta, con 5 g/kg di MSG, ed un gruppo di controllo trattato -
' con acqua; nella seconda sono stati sottoposti alle prove di addestramento

un gruppo trattato con 10 g/kg di MSG ed un altro gruppo di controllo.
Ciascun gruppo era formato da 18 animali privi di esperienza precedente;
essi sono stati sottoposti alle prove per 8 giorni, con un giorno di inter-
vallo tra le prime 5 sedute e le ultime 3. Inoltre nella seconda parte del-
I'esperienza (ciog quella riguardante la dose di 10 g/kg), gli animali sono
stati sottoposti alle prove per altri 3 giorni, onde studiare gli effetti del
cosiddetto cambiamento di stato (14), ciod della somministrazione di MSG
al gruppo precedentemente trattato con acqua, e viceversa.

¢) Tolleranza al MSG. - 1l riscontro, nel corso dell’esperienza preceden-
te, di fenomeni di tolleranza al MSG ha richiésto 1'esecuzione di un’altra
esperienza atta a fornire indicazioni preliminari sui meccanismi responsa-
bili della tolleranza stessa. Infatti esperienze precedenti hanno dimostrato
che la scomparsa dell’effetto di uno psicofarmaco sul comportamento a
seguito di trattamenti ripetuti pud, o meno, essere dovuta ad una tolle-
ranza vera e propria, in quanto pud, o meno, verificarsi in animali trattati

dopo, anziche prima di ciascuna prova (6, 5). Pertanto un gruppo di 12 ratti

precedentemente addestrati & stato trattato per 12 giorni con acqua prima
delle prove e con MSG dopo le prove (5 g/kg al giorno per i primi 6 giomi
¢ 10 g/kg al giorno per gli altri 6 giorni). Successivamente 10 g/kg del pro-
dotto sono stati somministrati 30 minuti prima dell’inizio della prova per
2 giorni. Un altro gruppo di 14 ratti & stato invece trattato soltanto con
acqua prima e dopo le prove per 12 giorni e, quindi, con MSG prima delle
prove per gli ultimi 2 giorni dell’esperienza.

Risultati
TossiCITA

Le DL50 del MSG e del NaCl sono indicate nella Tabella I.

Effetti acuti del MSG e del NaCl su animali precedentemente addestrati '

La Tabella II indica la frequenza delle risposte condizionate di
salvaguardia prima e dopo i trattamenti. Appare evidente che solo dosi

assai elevate di MSG e di NaCl, cio¢ superiori alla meta delle rispettive -

DL50, hanno provocato una riduzione significativa della frequenza del-
le RC.
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MsG l 5 g/kg | 21 | 77432 | 11,7+46 | 5730 ns.
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S 1\ o 1,7 ¢g/kg | 716 | 90020 | 82642 | 74%42 | ns
A e sag/kg | 17 | 889%15 | 661x67 | 228%65 | <0005
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TABELLA I \ '

Tosszcxta acuta del glutammato monosodico (MSG) e del cloruro di sodio
(NaCl) somministrati per via orale (*).

Topino Ratlo

MSG 19,20 (22,84-16,13) | 16,60 (18,50-14,50)

: (*) DL50 (g/kg) e relativi limiti di ﬁducm al 95% calcolau secondo il rfie-

e todo d1 Litchfield e Wilcoxon (12).

"TABELLA II

" 'Eﬂetti del gultammato monosodico (MSG) e del cloruro di sodio (NaCl)
.- sul comportamento di salvaguardia in ratti precedentemente addestrati.

. (*) Livelli di significativita (t di Student per osservazioni appaiate, a due code).

Effetti del MSG sull’acquisiz{orze del condizionamento

I risultati della prima parte di tale esperienza non vengono pre-

_sentati in dettaglio, in quanto non si sono riscontrate differenze degne di

=--nota fra il gruppo di controllo e quello trattato con 5 g/kg di MSG. Ad

==« esempio, la percentuale media di RC lungo tutto ’arco degli otto giorni

< di prove & stata pari a 40 RC nel gruppo di controllo ed a 37 nel gruppo

attato con MSG. -

- Nella seconda parte de]l’esperlenza condotta con una dose assai

plu elevata di MSG (cio¢ somministrando ogni giorno piit della meta

# -della DL50) si & osservato un ritardo nell’acquisizione del comportamen-

% to di salvaguardia, ritardo tuttavia assai modesto e statisticamente signi-
‘ﬁcatwo soltanto nella quarta e sesta seduta (Fig. n. 1). .

I risultati ottenuti nelle sedute successive a quelle di acqu15121one

hanno confermato quanto gia osservato nelle esperienze precedenti, cio¢

" la significativa riduzione di frequenza delle RC a seguito della sommini-
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Fig. n. 1

Effetti del glutammato monosodico (MSG 10 g/kg p.o.y sull’acquisizione del
condizionamento di salvaguardia nel ratto. .

In ordinata & indicata la percentuale delle risposte di salvaguardia. Gli aste-
rischi alla 4* e 6* seduta indicano differenze statisticamente significative fra con-
trolli e trattati {t di Student a due code per campioni indipendenti, p<0,05 e
<0,02). Dopo I'8* seduta il trattamento & stato sospeso; inoltre, ai ratti preceden-
temente adoperati come controlli & stata somministrata la stessa dose di MSG pri-
ma di ciascuna delle ultime tre sedute. 11 doppio asterisco alla 9* seduta indica
una caduta significativa della frequenza di risposte condizionate nel gruppo pre-
cedentemente non trattato (confronto fra 9* ¢ 8* seduta, t per osservazioni ap-
paiate, p<0,003).

yz

strazione di 10 g/kg di MSG ad animali precedentemente addestrati. Tut-
tavia la ripetizione di tale trattamento ha condotto in breve ad una
scomparsa dell’effetto, dimostrando il rapido instaurarsi di una tolleranza
al prodotto. La sospensione della somministrazione di MSG nell’altro
gruppo non ha provocato variazioni degne di nota della frequenza di RC.

Tolleranza al MSG

’ A N y . - - » :
La Fig. n. 2 dimostra chiaramente che gli effetti di una dose elevata

di MSG, somministrata 30 minuti prima delle prove (v. gruppo di con-
trollo) si attenuano non solo a seguito della somministrazione ripetuta
del .prodotto prima delle prove, ma anche a seguito della somministra-
zione ripetuta del prodotto dopo le prove. Infatti anche se in ambedue
i gruppi vi & stata una caduta significativa della frequenza di RC nella
prima seduta preceduta da trattamento con MSG, tuttavia tale caduta

¢ stata assai meno marcata nel gruppo che aveva precedentemente rice-

vuto il prodotto piu volte dopo le prove. La differenza fra le cadute os-

5804



. |

) TN
J

F.SPERIENZE DI TOSSICITA E DI TOLLERANZA AL MONOSODIOGLUTAMMATO, ecc. 25

%
1004

80+

60‘!

- MSG
prima delie prove . 2

40

I~

o Y . T v T

SEDUTE

Fig. n. 2

Tolleranza al glutammato monosodico (MSG).

I} MSG (10 g/kg p.0.) & stato somministrato negli ultimi due giorni dell’espe-
ricnza 30 minuti prima delle prove a due gruppi di ratti: il primo trattato solanto
con acqua (linea spezzata) per i dodici giorni precedenti, il secondo precedente-
mente trattato con MSG (linea continua) dopo ciascuna prova (5 g/kg per sei
giorni e 10 g/kg per altri sei giorni). Si nota nel secondo gruppo una notevole
attenuazione - della caduta di frequenza delle risposte condizionate normalmente
provocata dalla somministrazione di 10 g/kg di MSG prima della prova. I dati
riguardano la percentuale delle risposte condizionate negli ultimi cinque giorni
di esperienza.

.

servate nei due gruppi € risultata statisticamente significativa (p < 0,02
con il test non parametrico di Mann-Whitney, utilizzato a causa della
presenza di una significativa eterogeneita delle varianze).

- Discussione

I risultati delle esperienze sopi-a riportate indicano chiaramente
come gli effetti del MSG sul comportamento condizionato di salvaguardia

siano di scarsa entitd finché non si procede alla somministrazione di -

dosi dotate di azione tossica, cio# superiori alla meta della DL50. Questa

" conclusione riguarda non solo le esperienze con animali precedentemen-
te addestrati, ma anche quelle in cui il prodotto & stato somministrato

durante il periodo dell’apprendimento, onde accrescere la probabilita
di mettere in evidenza un’eventuale azione depressiva.

E noto che una caduta delle prestazioni dopo un trattamento psico-
farmacologico pud essere dovuta non ad un’azione depressiva vera e
propria, ma al cosiddetto cambiamento di stato (change of state), lad-
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dove, in una determinata situazione, la corretta esecuzione dell’esercizio
sia dipendente dallo stato (state-dependent) (14). In tale caso una caduta
delle prestazioni si osserva sia quando si procede alla somministrazione
di un prodotto ad animali precedentemente non trattati, sia quando si
sospende la somministrazione in un gruppo precedentemente trattato.
Questa evenienza sembra esclusa nel caso del MSG: infatti non si &
osservata una riduzione della frequenza di RC dopo la sospensione della
somministrazione del prodotto in quegli animali che avevano acquisito
il comportamento di salvaguardia in condizioni di continuo trattamento.

Va anche notato che nel corso dell’apprendimento non si & osser-
vata un’azione stimolante del prodotto somministrato a dosi sub-tossiche
(5 g/kg), a differenza di quanto precedentemente riportato a proposito
dell’apprendimento nel labirinto (22). Tuttavia occorre essere pilt cauti
nell'escludere la presenza di un’azione facilitante, che spesso compare
soltanto in test o condizioni assai particolari, che non nell’escludere la
presenza di un’azione depressiva, rispetto alla quale vari test forniscono
risultati relativamente meno eterogenei. . ,

Va inoltre notato che, gia alla seconda somministrazione, la stessa
dose pilt elevata di MSG (10 g/kg) perde una buona parte del suo effetto.
E noto che fenomeni di questo tipo possono essere dovuti a cause di-
verse, cio? sia ad una tolleranza nel senso classico della parola — come
nel caso dei narcotici e dell’LSD-25 — sia all’entrata in funzione di
sistemi di compenso che correggono il deficit di comportamento senza
che (o prima che) si sia sviluppata una vera e propria tolleranza. Que-
st’'ultima evenienza & stata pili volte dimostrata nel corso di trattamenti
ripetuti con amfetamina (18) o scopolamina (5, 8, 2). Una, distinzione
fra i due tipi di desensibilizzazione viene generalmente eseguita me-
diante apposite esperienze, cioé: a) quelle che mettono, o meno, in evi-
denza notevoli differenze di velocith di desensibilizzazione da un test
all’altro; b) quelle che mettono, o meno, in evidenza notevoli differenze
di velocita di desensibilizzazione a seconda che i trattamenti ripetuti ven-
gano effettuati prima di ogni seduta di prove o in altro momento, in
genere dopo la fine di ciascuna seduta. Nel caso del MSG & apparso
evidente che il trattamento ripetuto dopo ciascuna prova, ha notevol-
mente ridotto gli effetti del prodotto al momento in cui si & iniziata la

sud somministrazione prima delle prove. Pertanto si deve concludere

che Pevidenza & a favore del rapido sviluppo di una vera e propria tol-
leranza. ,

-Questo fenomeno tende d’altra parte a sminuire il significato dei
risultati essenzialmente negativi ottenuti nelle esperienze in cui il
prodotto & stato somministrato sin dall’inizio dell’apprendimento (assen-
za di azione a 5 g/kg, azione depressiva poco marcata a 10. g/kg).
Infatti al primo giorno le prestazioni sono sempre assai basse anche nei
gruppi di controllo, il che lascia poco spazio per la dimostrazione di
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1
“un ritardo nell’apprendimento (cosiddetto floor effect). Nei giorni suc-
cessivi Ja mancanza o scarsezza di effetti depressivi potrebbe essere at-
“tribuita al rapido instaurarsi di una tolleranza.

Occorre infine ricordare che, anche per la scarsezza di dati in let-
teratura, tali risultati essenzialmente negativi non si prestano, al mo-
mento attuale, ad estrapolazioni e a generalizzazioni ad altre situazioni
o ad altre specie. In particolare, come & stato gia ricordato all’inizio,
I'elevazione anche notevole dei tassi ematici di acido glutammico non
si accompagna in animali adulti ad un aumento della concentrazione
dell'aminoacido nel cervello (11). Pertanto il reperto negativo ottenuto
mediante prove di comportamento nell’animale adulto non &, di per sg,
in contrasto con quello di danni arrecati al sistema nervoso centrale dal
MSG, se somministrato durante il periodo dello svilpppo (13, 19, 15).
Ovviamente rimane da determinare se questi ultimi effetti siano da at-
tribuirsi ad una maggiore sensibilita del SNC nelle fasi di sviluppo e di

. organizzazione o semplicemente ad una piu efficace penetrazione del

. prodotto attrayerso la barriera emato-encefalica. 7
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The production of acute neuronal degener- -

ation in the retina of mice receiving parenter-
ally administered monosodium xr-glutamate
(MSG) has been described (1, 2). Brain
lesions in the hypotbalamus of rat, monkey,
and mouse have also been associated with
administration of MSG by the subcutaneous
route (3-5) and in the mouse by the oral
route (6). The results are in disagreement

~with the findings of Adamo and Ratner (7)

who were unable to demonstrate any effects
on brain or reproduction function in rats.

Glutamic acid is highly concentrated in
nervous tissue and plays a significant role in
its metabolism (8). Although no net uptake
of glutamic acid in brain can be demonstrat-
ed after excessive elevation of bleod glutamic
acid (9, 10), the glutamic acid from blood
exchanges rapidly with that from brain (11,
12). The present studyis an attempt to es-
tablish a biochemical basis for the action of
MSG relating to its metabolic function as an
energy source in brain and as a precursor for
biologically active metabolites in brain and
liver. ’

Materiels and Methods. NSG was pur-
chased from Sigma Chemical Company.
L-Glutamic acid-U-“C (197 xCi/pmole)
used in the #n wvitre incubation study was
obtained from the New England Nuclear
Corporation. Purina laboratory chow was
purchased from Ralston Purina Company.

Fifty male Holtzman albino weanling rats
were allotted to five groups of 10 animals
each and were housed individually. The
diets, Purina laboratory chow supplemented
with MSG at the 0, 1, §, 10, and 20% levels,
were fed ad lLibitum for 16 weeks. Body
weights were recorded weekly. At the end of
the experimental period the rats were lightly
anesthetized with ether and decapitated.

Whole brain was rapidly excised and
weighed, and a 165 homogenate was prepared
in 0.1 M phosphate buffer (pH 6.1} for
assay of glutamic acid decarboxylase (GAD),
the enzyme that may be the rate-limiting
step in determining the level of y-aminobu-
tyric acid (GABA) in particular areas of the
central nervous system (13). For the assay of
GAD, the final reaction mixture of 2.2 ml
contained 1.4 ml of phosphate buffer (pH 6.1
at 36°), 0.2 ml of homogenate, 0.2 ml of
pyridoxal phosphate (500 pg/ml), 0.1 ml of
MSG (500 pmole), and 0.3 ml of MSG-14C

. (2.2 X 10% cpm and 0.0076 pmole). The

mixture was shaken at 36° in a constant-
temperature water bath for 10 min; aliquots
were withdeawn at 2.5 min intervals during
the incubation period and added to tubes

P

containing 1.3 vol of cold 0.6 ¥V perchloric -

acid. After the tubes were centrifuged the su-
pernatant was removed, neutralized, and re-
duced in volume under vacuum. An appropri-
ate volume was applied to paper strips in a
Durrum cell for electrophoresis in a pyri-
dine:acetic acid:water {8:15:977) system at
300 mV for 3 hr. Areas on the paper corre-
sponding to those of authentic GABA were
cut out, placed in a vial containing 15 ml of
Bray’'s solution (14), shaken mechanically
for 30 min, and counted for radioactivity in a
Nuclear Chicago Mark 1 liquid scintillation
counter. Measurements were corrected for
quenching as previously described (15). The
remainder of the brain homogenate was saved
for colorimetric assay of protein (16) and
DNA (17). Glutamate (18), GABA (19),
and aspartate (20) concentrations in protein-
free brain extracts were determined by enzy-
matic methods. Glutamine was converted to
glutamate with the enzyme glutaminase and
assayed as described above. Succinate was
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Weeks on Diet
F1c. 1. The cffect on body weight of feeding various levels of MSG to rats for 16 weeks.

assayed by a previously described enzymatic
method (21) after its isolation by eluting
from Dowex-1-formate columns (22).

Whole liver, removed at the time of sac-
rifice; was frozen in Freon and weighed, and
sections were taken for protein, RNA (15),
and DNA determinations. The remainder of
the liver was acid extracted (22), and the
supernatant fraction was assayed for gluta-
Inate, lactate (23), malate (24), aspartate,
and a-glycerophosphate (a-GPOy) (23).

Data were analyzed by the Student ¢ test.

Results. Figure 1 shows that rats fed the
20% MSG-supplemented diet did not Zrow as
well as control rats or rats féd the chow diet
supplemented with MSG at the 1,5, or 10%
levels. By week 16, body weights of rats fed

the 209 MSG diet were depressed by 159% .

compared with those of control rats (r<
.001). ‘

The data in Table I show some of the
effects of feeding MSG on its metabolites in
rat brain. GABA concentrations in brains of
rats fed the 19% MSG diet were decreased by
17% from control values (p<<.025) with a
maximum decrease of 20% in rats receiving
the highest dietary level of MSG ($<.005).
Hyperirritability, an excessive response to
handling, was observed in all groups of rats
consuming diets supplemented with MSG.
Succinate concentrations in brain were ele-
vated as dietary levels of MSG were in-
creased; in rats fed the highest level of MSG,
the succinate was increased 2096 compared
to control values (3<.05). No changes were

noted in brain weight, protein, or DNA.
Despite the high MSG intakes, brain. gluta-
mate remained relatively constant as did
GAD, the enzyme responsible for the forma-
tion of GABA. Glutamine and aspartate con-
centrations in brain were also unresponsive to
dietary levels of MSG.

Table TI shows some of the effects of feed-
ing MSG on metabolites in rat liver. The
liver weights of rats fed the 2095 MSG diet
were depressed by 99 (p<.025); however,
liver:body weight ratio was not significantly
different from that of controls. Aspartate
concentrations in all rats receiving MSG were
elevated compared with those of controls;
the maximum elevation was 25% in rats given
the highest level of dietary MSG (r<.025).
No significant changes were observed in liver
protein, RNA-P, or DNA-P. Liver gluta.
mate and -a-GPO, remained unchanged, al-
though an upward trend in. their concentra-
tions was observed. Lactate and malate levels
were not significantly changed in liver.

Discussion. Glutamic acid in the form of
the sodium salt is widely used as a seasoner
or flavor enhancer for many foods, and as a
drug in the treatment of ammonia accumula-
tion in hepatic failure and various behavioral
aberrations (26, 27). Glutamate enters the
brain rapidly (11, 12) and is quickly metab-
olized to other substances; there was no net
increase in brain glutamate levels of rats
ingesting the 20% MSG diet. Figure 2 shows
that increased concentrations of brain suc-
cinale can be derived from MSG by two
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TABLE I. The Effects of Various Dietary Levels of MSG on Some Blochemical Parameters of Rat Brain.®

1
Dictary Brainwt Protein : DNA X (ummole/g) o
MSG (%) (g) : (mg/g) GAD? {(mg/g) Glutamate GABA Glutamine Aspartate Succinate® E
: .|
Control 2.01 114 69 1.18 9.20 2.59 1.12 2.43 0.401 E
+0.05 =3 +8 +0.05 +0.56 =+0.10 +0.20 =+0.09 +0.033 a
H
1 1.97 118 64 1.25 9.38 . 2.1¢¢ 1.37 2.30 0.467 >
=+0.05 *+3 *+=35 +0.04 +0.34 +0.11 +0.22 =+0.18 =+0.055 2
5 1.89¢ 117 70 1.28 9.38 2.11 1.21 2.38 - 0.4G0°* =
=+0.01 =+1 +=7 =+0.03 +0.08 +0.31 +0.18 +0.03 +0.008 E
10 1.90 116 61 1.19 9.78 2.207 1.72 2.41 0.508 -
+0.07 +3 *5 *0.07 +0.27 +0.08 . +0.15 #0.10 +0.063 g
20 1.92 116 64 1.30 25 2,077 $1.07 2.31 0.508¢ &
+0.03 +1 x5 =0.07 +018 . =008 +0.28 +0.05 +0.030 &
=
& Each value is the mean of 8 to 10 animals and is given with the SE. %4

® Glutamic deearboxylase nctivities (umoles of GABA formed/g of brain/br).
¢ These values represent three brain extracts; each extract was derived from two brains,
¢ Significantly different from control, p <& .025; *p < .05; 'p < .01; 7p < .005.
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TABLE II The Effccts of Various Dictary Levcls of MSG on Some Biochemical Parameters of Rat Liver.

) mg mole g
Dietary Liver wt (mg/g) v » (umole/g) &
MSG (%) (g) . Protein RNA-P DNA-P Glutamate Aspartate Lactate Malate a-GPO, "g:;
j >
Control 16.56 202 0.699 0.106 1.58 . 0.44 11.25 0.53 0.94 o
+0.56 +3 +0.017 =+0.006 +0.10 +0.02 +0.49 +0,03 +0.05 >
1 16.46 194 0.699 _ 0.118 T 151 0.53" 10.80 0.58 0.96 g
C+=0.40 +2 =0.024 +0.005 +0.07 +0.03 +0.51 +=0.03 +0.03 =
5 16.85 194 0.701 0.110 1.64 0.54 11.33 ©0.59 104 g
+1.01 +5 +0.028 =0.000 +0.06 =+0.02 +0.56 +0.03 +0.11 »
10 15.93 198 0.719 " 0.118 - 1.70 0.56° 10.75 0,57 1.22 <] !
+0.55 . +4 +0.028 =+0.007 =+0.11 +0.05 +0.45 =+0.03 +0.13 Z ;
. =]
20 15.02% 200 0.729 0.107 1.76 0.58% 11.28 0.59 : 1.18 |
+0.28 +2 +0.017 =+0.006 +0.16 +0.03 «+0.50 =+0.03 +0.11 a

" ¢ Fgeh value is the mean of cight to ten animals and-is given with the SE.
® Significantly different from control: p < .025; °p < .05, :
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Succinate
decarboxylation
«Ketoglutarate

transamination
s or N
oxidative

deamination GA

MSG <———> GABA~+ C0,

‘,‘
\
\

oxidation
Succ.Senjialdehyde

transamination

F1c, 2. The metabolic pathway of MSG in the rat brain.

widely accepted reactions: (a) oxidative .
deamination or transamination of glutamate
to a-ketoglutarate, which is further decar-
boxylated; and (b) transamination and ox-
idation of GABA, a decarboxylation product

of glutamate, However, the most important

finding is the decreased concentrations of
GABA in the brains of rats in all aroups fed
MSG diets. These rats displayed increased
irritability to a type similar to that seen in
vitamin Bg deficiency. In the type of irrita-
bility induced by vitamin Bg deficiency or
isoniazid treatment, GAD activity is de-
creased because of insufficient coenzyme, re-
sulting “in decreased production of GABA.
Supplementation with the vitamin reversed
this effect (28, 29). In our experiments, de-
creased concentrations of brain GABA were
not associated with a vitamin By deficiency
or with GAD activity (added vitamin B¢ did
not iricrease enzyme activity in the assay),
which remained constant in all groups of
rats. Tt is possible that an initial and transi-
ent increase in GABA production stimulated
those enzymes tesponsible for its degrada-
tion.

Decreased protein and" DNA concentra-
tions in brain have been associated with neu-
ron deficiency (30); however, in our studies,
these parameters remained constant in rats
ingesting MSG, indicating that there was no
impairment in brain development.

The liver also metabolizes glutamate at a
rapid rate, as shown by the consistent values
for glutamate in the livers of rats fed MSG in
the diet, even at the highest level. Aspartic
aci-h. which was elevated in the livers of -
M3G-fed rats, was probably derived from the
main dcgradutive--_p:x!hw\'ly of glutamate,

transamination with oxaloacetate. Oxidative
pathways for the production of energy, COs,
and water by way of the citric acid cycle
were also unalfected by dietary MSG; levels
of lactate, malate, and o-GPQ, in the liver
remain constant. :
Summary. Rats in each group receiving
MSG exhibited hyperirritability. While levels
of glutamate, glutamine, aspartate, DNA,
protein, and GAD in brain remained relative-
1y constant, a significant decrease in GARA

“levels was noted along with a significant in-

crease in succinate levels. Analysis of liver
indicated no effect of dietary MSG on pro-
tein, RNA-P, DNA-P, glutamate, Iactate,
malate, or a-GPQy. Aspartate levels were sig-
nificantly increased. The decrease in brain
GABA levels may be related to the observed
increased irritability.
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SYmptons warratts ane investigation oo e probable allergenicity of beet
sugar,  Anotier faetor Gaverine sueh ootady is thie relintive frequeney with
which beet suear is nsed. for it is generatly own shat the ineidenee of
hpm'ilil' M‘!l.\ili\'il_\' to Foods s |'ium~|.\ refated o ‘.hu' incidenci or sieh fuods in
the detary” )

Beetl suwir is the prineipal ~ouree of crannbated suuar used in certain wide
geographie regions of this country. partieudady s the aveas in which beet
sugar aills are Joeated and inoregions relatively” far resoved Tedm eane res
fineries or otherwise ueeessibie 1o watciedransportation theretrom, In g
"_“ll this would include the entive western Halt of the United States and te
some extent the north central stitese portienloely VMiehisan, Minnesota, and
Wiseansin,

T revent years heet suenre had " hoeen favored by nniaetarers of prove
essedd Toods not ondy in the regions saentioned bt clsewhere i view of the
fuvorable price differential as compared with caee snuer Fie enerent wide
spread use of heet sugar in Food processing makes it probihle that st -
dividuals i this country ave receiving sone heet sugar daily, fregquem ]y seve
eral times datly. ' :

Anothed source of expostire to beet is the rapidly inereasing use of mong-
sodium glatamate. a so-cilled elemical condineny decived cither Trom heets,
wheat, corn or soy bean, incorporated into many processed Toods asowell as
heing added direetly 1o varions Tondstuts in their preparation i publie cut-
ing places as well ax in the homes T s most connnonthy cimphoaed 1o aceentu-
ate meal vors i soups, ehowders, ad boaillons, saees, cravies, vapuds,
sibaeds, ercamed dishes, and eheese dishes and s added direetly 1o veoetables,
meatts, pouitey, game aned fish,

The deteetion of the presence of o specitie notosod i ;nl:;:umh--in a

]H't‘]h‘ll'l“l food s "\'"""‘“"HI.\ Jittienh beeanse of the relietitee of cooks 1o
Poeceiviad for publication, Moy 200 1o
A p=tractor n Xedicine . Nodthw cat Dot sats Mechiead Sebodd
FResear b Feilow in Mesbeine, Serto eestern Uag ooty Vel st
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08 RANDOLPH AND ROLLINS

adhmit that they have nsed sueh an agent and the difficulty to asecertain
whether the prodoet used might have heen derived rom heets or one of the
‘other sources rom whieh this material is made.  The latter is particularly
true in the usual absence of specitie food sources on the labels of these com.
mereial produets, '

CANE REVORDS

The following are examples of heet songitivity.

F. AL a eollege mathemntios professar, aged 43, had been subjeet to perenninl nasnd
allergy sinee mdoleseence,  During the past fifteen '\'('urs' e had also eomplained af ehron
fatigue and intermittent hikaeral frontal headaches, The futigue syadrome in his ense v,
charnetervized by mental confusion, impairment of memory, amd a0 certain degre of apha.
which muterially interfered with his teaching in the mid. and Tate atternoons. Tn adiditing
he had also been subject to troublesume hackaches for the past deviole which vsually awakeue
kim between two wind four in the morning.  Superitnposed on ehronie symptoms of this type
were acute episodes of very severe eramping pains in the leg museles to the point that it wie
exceedingly Jditicult ot walk,  In 1943 he was dingnosed as having a ruptured intervertebry!
dize for which a spinad Tusion was performed.  Although the” buek symptoms were improved
following this operation, he veported aceentuation of hix residusl ehronic back and leg symp
toms ecoineident witly each recurrence of soreness, seratchiness, and trritation of his throut.
Reginning  few months prior to the operation le al<o reported drawing, pulling pains across
the upper laek and shoublers and bouts of acute torticallis on a few oecusions,  He commonly
reported teeling sore and <ttt i all museles on awakening in the morning,

He was foumd to be dust sensitive on the hasix of intrandermal tests, but dust therapy
failed to alter the eourse of the symptoms,  There was no gther evidenes of inhualant sensi-
tivity.

During the third day of wheat avoidance in preparation for an iwdivildual fooed test with
wheat he reported nu improvenent in the pasal symptoms and fatigue: the experimental foed-
ing of wheat was followed by the development of @ frontal bewdaele assdeiated with pulling,

drawing, wmel tautness of the posterior cervical museles oed the delayed development of an
arnte lower hackacho, Tosts with vorn and egus were followed by similar but less severe symp-
toms, Test ingestion of Jettuee was followed Ly the ddevelopurent of o headuche three hours
after the menl. Potntoes were arsociated with the px'u-u-.ipiruliun of u severe hemdache, abe
Jominal prins and exeessive belehing, Beactions of fesser degree Tollowed the idividlual test
ingestion of onts, rice, pork, ornee, and tomuroes, Tests with sev

1l othet mnjor fomls wore
wedd Bt the patient still
complained of loealized and generalized musele symprons, sonwe Catigue, and mental symptoms,

compatible, At this point the chronie symptoms were manteriadly reli

In eheeking his food Hary it was learned that he bl awnkened two or three times
nightly with backavche whenever he duol caten Loeis s this agveed with the chibihood history of
vomiting after spinach and <evere heiwdiehes following the ncestion Swisx ehard, members
of the same batanieal tamily.

He was prepured for an individoad food tost with beet suzar by the avoidanee- of all
heets and beet sugar for i perind of four days poor to the experimental ingestion of 75 Gm.
of beet sugar,  Fifty minutes Jater be reported the wvobind anset of pressure in the frontal
area of the hewd, tautness of the posterior cervieal migseles, and henvvbarn, As the headuche
Deeame aecentuated he develope] severe shdomwinal crmnps and thushing o the faee, He re-
muined unuensdly fatigned for the following tao days - With the avoidanee of hects sl coms
wereinlly sweetenml Toods containing beet sugar he reparted dumked and sustaived improve-
ment in the remainder of the chronie svimprotms, The patent slept wore soundly ot wight gml
was able to sleep on his abdomen for the first finee sinee the spinal fusiou. e noted that he
wits much less restless than formerly, Teing obde 1o sit in his chair for long periods of time
without diseomforf or the necessity of frequently ehamging his position, that he had whnt
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e vonsidered n normal tmonnt of energy, ind that he was maeh wore alert mentally, which
retl

<overn] vearse At the time of Lis fnst visit, o vesr aften the digguosis of beet senxitivity, he was

ted itsell i stenter degrees of hiebdity and ease of espression than he had enjoyed in

actively engaged inoacresenreh project dn addition to his folltine teaching position.
~ either in the forms of heets as such or

or heet sugar was followed by a

Tl putient vergined hizhlv sensitave 1o

beet sugnr. On severad ocensions the aeviderrad

preeipitation o faticae, hewolache, wviduin, and entad confusion,

At this tised Be solunteersd for testiing the effact of monosedinm glutianate, a chemical
condiment prepraed Trom =tefen ' swaste, o been residue following the extraetion of the sugar.
After the ingestion of one tenspoon of the lm\\»f-"' dissolverd in g pliss'of water, he ch'\'c!np(-‘c!

fromtad hewdiodie which becinae progiessively more severe for two hours,  The following
warning he awakened with marked wtitthess of the peek, shonbders, and lower back nold re-
wieined Jame, ST, od Gieed for the rest of that duy. He noticed resituoal fatizue and mental
vontusion the seeond diy et then remnined symptons frees A cuntrel test with monosodium
glutmwinate propaaed by the same cotany but derived from whent was not associnted with
reartive symptoms. At the tic e of this néx. whent lad been esclisled from the diet for a
vear and the patient was Kuown 1o dinve o tolerinee for an ocensional feeling of wheat. The
prativnt was unaware whether be was receving the wheat or the lieet preparation at the time of

the fests,

B. C.. w housewife, aged 420 hid Leen subjeet o intermittent hives for the past ten

vears prior to her initial visit in Mareh, 19450 Athough she had had attacks of urtiearia’ at

any time of the veur, her symptoms were mueh nore troublesome from the fourth of July to
Labor Day. In the kst yeur, however, this seasonal ineidenee bad chunged and she had con-
tinued to have duily clronie artiearin throughoat the winter,

She had knewn that the iuzestion of elams was followed by pruritus and swelling of the
huceal mucous membranes, nasal stafiness, and lacrimation,  Other foouds were not suspected.

There were no abnormadities of the physical examination except for the typieal urti-
earinl plaque lesions.  Skin tests with inhalants were negative exvept for a borderline re-
action to house dust, but specitie therapy with slust failed to wdter the course of the symptoms.

The patient wus studied for spevifie food allerpy Ly weans of individual food tests.

@
The experimental ingestion of wheat, vorn, wilk, ewyr, and fomato was unt associated with

reactive symptoms, .\ similar test with potate was tollowed by the development of a severe
headachie Veginming ten minutes after the initial feeding wind hecume associated with marked
fatigue anid pulling manl drawing sensations of the posterior cervieal museles. One hour after
the test ingestion of coffee the patient developed tensefiess aul nuausea, followed shortly by the
onset of severe generalized urticaria which persisted for four days, whereas for a few days
prior to this test she hal been having only mikd, intermittent hives.

Alhough the aveidanve of potuto amd coifee were helptul, this plan did not relieve the
ehronie urticaria and neither did varivus elimination diets tried suecessively at thix jun-tiie

The wdditional history then beemme availuble that the hives hal been present only sinee
the patient began spending the semmers i Michign, afud until the past year the hives had
subsided upon her return 1o Chicago, This jmmediately aronsed the suspicion of heet sensi-
tivity imsmnel as this appenrs 1o he more common in Michigan than in Hlinois because of
the wider use of beet sughr in Michigan, Then the sdditional pertinent fact eame to light
that durinie the war she Lad hought a lage supply of Michigun beet sugar and had used it
exelusively each summer, Foethermore, in returning 1o Chicngo n the fall of BT she lined
Brought- the rewaimler of 1hix suzne with Bt and haed - vimtinued asing from it for soveril
months, Upon the exhaostion of this souree of supply she il purelmsed hiitionad beet sugar
in the locat wmarket,

Thee pretient was tested with Doets el Jeeet sugmr after Tour days of avoidanee amd de
veloped s sharp récurrenee of wrtienrin one hadt hour follewing the seeowd Tesling which

wrsisted for 1he following two days
I ! A

sxinaples were furmsboal throukh the eottrte=y . of G rnaticnal Mool and Chemtent
Carportation, Chicageo, 1L
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Nhe ther remained free of urticoris and other allergie symptons exeep! for an oe

a-
sionul teewrrenve Tollowing. menls awny from her own home. However, eontinual urtiearia
mpnin Jdeveloped in the spring of 1949 coincident with the onset of the golf seuson.  She
alrank an f¢old fashioned??
after her gume, Tt then oceurred to her to investigate the type of sugar nsed in the bar.

played golf on the avernge of four or five days o week and abw;

Fimding that beer sugnr bl been used exelusively, henceforth she hiad her drinks made with
enne sugm and the urticaria censed at the end of three days, She also bearned from experienee
that she was able 1o tolerate the bakery products from one neighborhood bakery and not from
another; inquiry led fo the faet that eane sugar was usidd rontinely in the former and beet
suwrar in the latter,

Vpon another oceasion she was feid experimentally one-half teaspoonful of monosodinm
glutamate of beet origin in o hall glss of water (at the time of the test she was unaware
whether she was recetving monosodium glutamate of bheet, wheat, or corn origin). Ten min-
utes later she notived o sense of pressure in ler temples, followed shortly by extreme weak-
ness amd fuintness which persisted for an hour.  Totense erythema and pruritus of the skin
aliout the eves, anterior neek, sl apper hack developed at eighty minutes; seratehing was
followed by urticarial lesions. At the end of twn hours the patient was observed to have gen-
eralized urtivarin of the entire npper part of the hody: this persisted and spread to involve
the entire body dwing the night of the test.” Theee days were required for this attack to
subside. A simifar awount of monosadium glutamate of corn® and of wheat origin was not
followeld by nrtiearin or other symptoms,

L. T a bousewite, aged 32, Tied been subject to intermittent eezema and ragweed hay
fever sinee ehildhoowt: the Jatter bad been eomplicated by zeasonal bronehial asthma in re-
vent years, She nlso compluined of intermittent stiffness and wehing of {he posterior neck
muscles, froquently followed by ddizziness and generadized hewdaches,  There hadd also heen
intermittent houts of burning snd snzoting on uringtion, swelling and soreness of the knees
and finger joints, and @ chronie degree of futigue, sl of which had fuilad o respond to var
ious types of treatment .

On examination the patient had an eryhematous seuly eruption of “several fingers, a
fusitform enlargement of the mid-finger of her right hand with edema awd diseoloration of
the =kin of the intfraorbital arens. 7

She was found highly sensitive 1o carn, wheat, aned boets on e Tusis of individunl food

sive gas und belehing with pronouneed elearing o
the throat beginning at forty minutes, followed by flushing of the fuee, somualenee, and the
developmiert of a severe headdaelios The wheat test was tollawed by the development of transi
tory tightness of the cLest, somnolence, and mavked flusising of the foce heginning tuenty
minutes after the initind fesling, Ditieuliy jn focusing her eves, estieme fatigue, and
nervousnegs persisted for the remainder of the dav, Beet sensitivity wus suspected on the
basic of an neute renetion following the inzestion of heets as determined from evidenee from
her fomd diney amd fhe fuet that she hwl Leen using beet sugar exclusively for the past twa
vears. A individuad food test with Beers was fofled by sommebenee Leginning ot twenty
minutes and a severs fromtal and oceipitad hodaebe at sisee oinwtes which persistad for the

renainder of the day, The folliwing morning she pissed seversl dinrtheie stools wnd there
wits o definite thue of the dermatitis of her Pands they heing more pruritie and erythemntous
than. any time i severnl rocent davs, The patient b developed a0 port wine colored urine
ihe ximrni'ng‘ wfter euting beers,

Sha was then fed 50 G of Leet sugar after not hnvise eaten any 1vpe of beet produet
for severad days; this was followed by sleepiness wr ive mimutes which antorfered with her
ability to reml comprehendingly, She conipiaimed of fecling nervons and tewse and partien

1

tarly of resttessness of her Tegse Aesociated with the T samptoms was o sensation of tight

ness amd stiffness of the knee joiuts and the desive alternately 1o tex and exfend the knees,

¢Furnished through the eommtesy of L D Staiey Mg, ol Deeatur, L
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With the complete avorinnee ot ewts the prtient noticed relied of her formerly trouble

some arthritis in that <he rewained Tree of the stiffness pnd soreness of her kices anl finger

Joints and was able to meve them paiciessly oozl their full ronge of motion.

Phe dereatitis of her honds ured from contaet with vornstarch in irouing or with
wheat lonr in theecotree of baking, 11 i interesting, bowever, that she was abide to iron with-
ot e decentuntion of the dermditis iV she ased arrowroot stareh in plaee of cornstarch or
it s ondy inhaded the faiues of bakoog wheat containing prosiners and avoided Jdireet contact

of her boomds with unconhesi o,

Prentse ot the eseeedingly Bieh decree of specifie sensitivity to corn and beets in this

pativat awmd the fuet that the ingesticn of either vorn i sgrlurose or dextrose) or beet

agar Csuerose o caused wn bmtedinte secentuation of her syinptoms, she was feid experi-
mentadiv 300 G of alpha D glaeese’ prejeoned from beet suerose with the understanding
thut the souree maderinl was e snzor, As she Load toleruted the ingestion of cane sugar
over @ period of mangy months withom any suspicion of specitie’ sensitivity, she did not expect
arenctim from this test. Mueh tor her sarprise, hosever, she developed a odull frontal head-
ache within five minutes after the second sorving of 230 Gm, of this materink,. Within the
followine honr her hendiehe Leéame progressively more severe and within the second hour
she deseloped apmesing muusea, it consideradle Bloating, She remained extremely fatigued
and generndly apset?" for the fallowing twodays, The type of reaction that she experienced

prompted her to aecise s of Ffeoding her hest sagir.

On anether oicasion she was sl experimentally an - ankuown’? preparition having
wosnliy tuste, netundly one-didf tenspoontu) of mnosedium glutmate of beet origin in one-half
clhiss of water.  She complained of iteling of the anterior neek and upper chest hetween cight
wid ten minates atfter the test Tewding,  The pravitus spread rapidly to involve the entire neck,
Leing particularly intense about the

wir line, and the sites of the previous dermatitis of her
fingers.  Cotneldent with the onset of the pruritus she complained of o sharp pressure in the
frontul and oecipital areas of ter hewl followed ininedintely by an intense, throbhing, gen
erulized bondaebe, At fifteen minutes she noted an inability to focus her eyes wnd for the
folluwing half hour was unable to rawl or to see ubjects elearly, She compluined of mild ab-

dominal eramps and nuusew heginning at forty-tve minutes which persisted for the follewing
fen minutes,  The intense headache s well as the blniring of vision bad subsided sufliviently
at sixty minutes thut she was able to rewl urdinary print. She vemained: subjeet to palpite-
lion on exertion und extreme fatigoe for the wmainder of the day,  In retrospeet, she likened
the eurly phasé of this reaetion to the constitutional symptowms <he had previeusly expericneed
from huy fever therapy, ninking the stafewent, “You know, it was the same type of im-
medinte reaction that T get from n hay fever shot that sabsequentdy developed into @ severe
reaction.’’

With the svoidanes of ineriminafed fowds the patient has had complete relief of her
formeriy troublesome allergie symptoms with the exception ol ragweed hay fever.  She re-
fused specifie therapy with ragwesd extraet in view of the repeated severe constitutional
renctions that she had formerly experieneed in this connection, 8he also vefused to be tested
with Curther uuknown solutions and then specitically with monosadinm giutamate of wheat
and of corn origin when the noture ot these proposed fests were explained to her. 1t.ix of
interest that the deteetion of beet sensitivity amt the avoidance of foods containing boeet sugar

completed her speeifie Tood dingnosis.

M. AL, a0 38 year-obd woman, Juul been subject 1o chronie nasal symptoms, intermittent
< ineaparvitating headaches all her Jife The headaches were

canker sores, and frequent seve
generatized in locution, assoviated with pulling, deawing, and marked tenderzess of the pos-
terior corvival museles, aml commonly with pavsen ol vomiting, Tnoaddition she remained
subjeet to marked futigue, conxidernble rilability and nervatspess, and a dull constunt wype
of hewduche persisting between the more wente and ineapacitating episodes of head pain.

¢ Prepared throush the couttess of bre Robiert 0 Hockatt, Lol Divector, Sugar Ree
search Foundation, New York tfity, N Y. .
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Althongh <he had suspected several minor fouds of- bring an Deadiehes amd other

allergic symprons, theiv complete svoisdanes had failed to bring \:n!mul nosignitiennt - degres

of refief.

When first aeon in BT <he was Fonund to e muslerntely dust Tvn.s'lli\v, but vaech of tloee

altempts 1o measune her degree of house dust allergy by gesting with serinl mtradermn) doses

in aecordines with o proviousty deserilbed techpigues e resolited i imnaedinte nasal stuftiness
followed in oue half hour by the development of o headache. House dost thespe stovery
low levels was moderately effective in contralling her nasal symptoms bat did nut change the
cagrse of the hewdaches, fatigne, or myalgi .

Ason orvesult of perforning individnal ood tests with several mgjor foods she was found

highly sensitive to potato, developing a very severe hendache intmediately following this test,

On & program of dust avoidinaee, speeitic Jow level therapy with house dust extraet and
the elimination of potitoes awd other minor ineriminnted foods she remained free of tronble
come symptoms until Aprile FHO0 At this tme she develaperd an attack of bronehitis after
massive dust exposure.  Intrictable coughing persisted Juring the following four monthe in
spite of repeated efforts to dingnose specifie allergic reaetions and varinus types of medien-

tions, ineluding oftvepeated doses af Demerol anl other opiates, The patient fregquently lost

conseioustess in the more violent attack of conghing,

Al sourees of Leet wnd enne were avaided sirmmunouusl_\' in preparation for individuat
food tests.  Her cougling censedld for the first time in several months for tweaty-four Lours
prior to the heet test, Highteen minutes after the ingestion of 200 G, of granulited baet

sugar the patient developed o severe paroxysm of coughing sssocinted with generalized chill-
ing and Tollowed by the onset of nuusen and a very severe hewluehe, The coughing hecume
progressively more severe during the following half honr and she passed into a state of semi-

consciousness,  Although it was possible to arouse her frome the stupor, she subsequently had

—— ’ no- recollection of the experiencr. Intractable coughing and headiehe persisted tor the fol-
Lowing three days apd required massive doses of opiates and antihistastinies for partial relief,
A sil!lii:tr but somewhat less severe clinieal roaetion 1'«%].»\-..-;{ the experimental ingestion of
cane sugar, ' _

With the avoblnee of beet aud enne dnabdition to other faods, the patient remained
free of headirbes aud conghing for the following week, ’

She was then diselarged Crom the ospitid during the height of the wagwend pollennting
season and drove a dstanee of 150 gniles to her howe, Mudway on this trip she developed

her initinl attack of ragweed pollinosis and for the following week continned to bave very

severs hay fever althongle <he vemained refatively free ot coughing and liewdgehe, Shie was

then rehospitalized. and wevord to atterddunt nurses, sneezed, snitled, or eonghed o total of
640 timex in o twenty-four hour period prion 1o the wlministration of weirenocorticatropic hor
mone (ACTIL Armoure. This aspeet of Ler case Lins been reportind clsowhers T Nutiiee it
to say that the hay fever and ali other allergie symptoms completely saleided within twenty-

four honrs nfter the patient roreived the first slose ot SCTHL She weevived s total of 125.0°

' mg, in five divided Jogis given at six hour intervads,
Two weeks following the initind beet testy at o thwe when the patient was complefely
free of allergic svmptomns, an indiviann? Toed test with beet cugng was repented sond was wnt

associgted with reactive symptoms. The crne test was :'-';w:'nrw simitarly wmd tolernted, She
was then returned to o gencind diet s vontinned con siel Tor the following four months
without devcloping any of her formerly trosbleson e aflergie munifesttions, The only other
medieation that the patient reeeive ! durieg this anteriey was™a continuntion of the main-
tenance dose of estrogen that he hd heen receiving tor maey mottths prior to the dingnostic

:l“("l']_f'\' ctudies s nitind conree of ACTH,  However, this patient had o recurrence of al-

Tergie manifestations follmving massive dust expreur fouwe neadths witer the ininial therapy

with ACTH aned npenin responded with syiptatoutio 1elief afrer aebditiona! thernpy with ACTH.
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DISCUSSION

Beet sensitivity is not an uneonnnon eatise ol chronie atlergic symptoms.
Although there is some reason {o believe that beet allergy oceurs miuost fre-
quently in areas where beet snear is wseld predominately, it should be pointed
out that thie use of heet sugar is more widespread than is, commonly helieved
as it is caploved in the preparation of eonmereially processed Foods which
have a nntional market.  Hois significant that heet sugar earries suffieient
allergenieity to eause symptoms in many beet-sensitive patients.

In addition o beets as o vegetable sl sugar derived from beets, an-
other soutree uf expostire to beet is the use of monosadium glutamate emnployed
as o condiment or seasoning agent. some of which is derived from the protein-
containing waste of beet suear wills, .\ similar product from the chemical
standpoint is manufaetureed o wheat, another fran corn, and probably a
smaller wimonnt from soy heans, Sanples of tmonosodium glutamate of heet,
cor, and wheat origin have heen shown to cause allergic symptoms in at least
cortain patients possessing hieh degrees ofspeeifie sensitivity to these foods.
The mmont of wheat munosodium ghutamate ordinarily added to a steak has
been ineriminated as @ eause of allergie syniptoms in a few wheat-sensitive
individuals. A steak of sinilar size and eaten under similar test eonditions
hut prepared withont the addition of wheat monnsodium glutimate has not

heen followed by reactive symptoms in these individuals, Thus far we have

not encountered deteetable elinienl reactions in beet-sensitive patients from
the amount of monosodinm glutmmate of heet origin ordinarily added to a
steak in the process of preparing it. Neither have 500 my. of beet monesodium
glutamate, the amount which ‘m:x'\' he added 1o a steak for instance, been fol-
lowed by detectable symptoms when this amount is deliberately adided to meat
and fed “bindly”’ 1o a known beet-sensitive individual,  This amount has
recently been tested in three additional highly: beet-sensitive individuals. TTow-
ever, as’there is no doubt that larger amounts of wonosedium glutamate of
heet origin are eapable of eliviting detectable. resctions when added to water
and ingested by certain beet-sensitive patienis, the possibility that aceidental
expostres of this type in smaller amounts might be a catse of xymptoms in
certain individuals should be kept in mind. ’

The study of this problem has been handicapped by the failure of manu-
Faciurers to indicate the source materials employed in the manufaeture of
monogodium glutamate,  Until this question can he auswered, the absolute
avoidanee of Dbeets in preparation for fudividual food tests should attempt
1o eliminate this possible souree of contamination. The same hobds 1o the
avoidance of wheat, corn, and soy heans, _

Similarly, the failure of federal labeling reettations 1o differentiate the
types of sugar employed in processed Toods, that is whether it is of heet, eate,
or corn origin, is a further serious handieap to the allergist engaged in the
problem- of makiug speeific food diaguoses. It is a particularly vexing peob-

lent for the allergic individual who happens to be sensitive to ote or more ot

these speeific sugars when he is unable to determine by the information on the
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label ot a given produet whether it containg one or more of these particular
stugirs which he ds sttempting to avaid, This point of view huas recently heen
preseited hetore the Publie fleavings of the Faood aed Drug Administration in
respeet 1o the Proposed Standards of fdentity of PBreads and Related Foods ®

Likewise, the utter ek of labeling regulations pertaining 1o the declara-
tion of the speeilie food agents employed in the manutacture of various types
of aleoholie spivits entails further diffieulties for the heef-sensitive patient in
view of the widespread preference for beel sugar in the preparation of liquors,
cordinls, and other reetified spirits. Beet sngar s preferved i in this connee-
tion beeause, as a rule, it has a lower content of dextrans ar polysaceharide
contaminations which precipitate in the presence of aleohol. Cane sugar, oy
dinarily higher in dextran content.” tends to result in the development of
slight turhidity when mixed with aleohotie spirits.  Tuneidentally, beet sugar
in the presence of aleohol seems to Le particwdarly effective in producing the
symptoins of heet sensitivity,

Severnal beetesensitive patients have been observed to develop antho-
evanipiria (vecetable pigments in o urine? fullowing the ingestion of hovt\
This confirms Zindler's™ original observations of the frequeney of bheet ]wn
ments in the urine when Leets are ingested by specifieally sensitive allergice
individuals, '

Auy of the varions types ol allergie nmmiul.nmns may result from heet
seusitivity ; these inehule not only asthma, rhinitis, netienrin, atopic dermati-

tis, headiehe, and eastroiutestinal sviptoms Lut also .|Hu"1(- myalgia
ftigue,™ ™ amd cortain mental symptoms of atlereie origin?  The latter

manifestations were ilustrated in several of the ease histovies of this preesenta-
tion,  For reasons not vet apparent, refined sugars of heet or ecand origin seens

“to be partiendarly effeetive in prodieing these constitutional symptoms of al-

lergie etiolowy i specificadly sensitized tndividuals,
SUMMARY

Clinieal evidenee beaving on the siguificine: of heet sensitivity is presented.
Speeific symptoms in heetsensitive individnals not only develop trom the in-
gestion ol beet as o veeetable bt alse oceur Mo catine wranudated beet sugar
and large experimental doxes of twonosodinm ghitamate of beet origin prepired
from the wasie of suear heet processing wills,

The widespread use of produets derived from beets, partienlarty heel sugar,
and inexact libeling regulations pertainine to compereially procossed foods,
aleoholie bevernees, and pharviurenties] preparations nakes the speeifie 2void-
anice of beets a difficult task for the ingividual who happens to e specifically
sensiive o heets, ’ :
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EFFECT OF MONOSODIUM GLUTAMATE ON THE ENDOCRINE AXIS IN PAIS,
ie W. Redding* and Andrew V. Schally. Endocrine and
cptide Labe,, VA llosp. and Tulane Unfv. Sch. Med.,
New Orlcans, La., 70140,
Monosodiun glutamate (M5G) wam administered to recnatal
” rats in an effort to deternine {tes wffecta aa the endncrine
& axis. MSC was given In an increasing dose (2.2-4,2/4m bd wt) 4
f subcutaneously over 10 days and the rats were asutapsied ovn the
40th day. This treatment resulted in significant decreasss in
body weight and length in both male and female rats as con-
F pared with controls. Absolute and relative wefyat of the an-
H terfor pituftary in male and female MIH treated rats were aiz-
! nificantly reduced (Male 4.88 + .15 ve 2.40 % .limg, p = .0UL,
Female 4.59 + .23 va 2,02 4+ .Ugmg, p = .00l), Oraries or tas-
. tes of MSG treated rats were atrophied with a 682 and 65% da-
. . crease in welight respectively. Abaolute welght of adrensls ard
PA\ thyroida of MS( treated male and female rats were significant-
¥ ; . ly reduced (Adrenala: Male 34.7 + 1.6 ve 24.4 + .J6cg,
f p = .001; Female 33.1 + 1.3 vs 17.7 + .92ag, p = .0CL; Thy-
rofd: Male 7.99 + .31 vs 5.92 + .23mg, p = .0UL; Female 6,98
.. + .3 va 439 + ,[9mg, p = .001). Anterfor pitultary content of
-~ TSH, LM, FSI, and Gl waam alao deteruined by blosssay or radfo-
-
'

|

£~

immunoassay. Fituftary levels of TSH and other traphic hor-
mones were found to be depresued. In conclusion, {n rats MSG
‘treatment resulted fn marked inhibition of endocrine functions
possibly through sn effect on the hypothalamus and/or higher
CNS center. (Suppurted by USPHS Grant AM 07467.).
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- Eifect of Motioso_dium Glutarﬁafe on Some Endvocrine'
o e e - Functions' e

’1_‘.\‘\7. Revping, ALY, ScrHaLLY; A. AriMura and L WAKABAYASHI

Endocrine and Polypeptide Laboratory, Veterans Administration Hospital, -
and Department of Medicine, Tulane University School of Medicine, New Orleans

. . N

" Abstract - ; . . . Key sords
Neonatal female and male rats of the Sprague- Monosodium glutamate
Dawiey strain were injectdd subcutaneously with” - Body weight decrease
» & dady dose of MSG (2.2-4.2 mgip body wt.) . Carcass fat increase
besinning on the 2nd day of life. The rats were Endocrine gland atrophy
awapsied at 40 and 110 days of age. At 40 days Pitvitary hormone content decrease
¢ of zge, the bady weinht and nascansl lengihs ’ o
were siynidcasty reduced in the MSG-treated . T
rats. At 110 duvs, the body lengths of MSG-treated rats wete approsimately 10-12%
horter than those of control rats, and calculation of the ‘Lee’ index indicated a
s'zoiliesnt increzse in cavcass fat, Food consutnption studics, carried out at 75 days of age,
Dwedas it nypophagia in some MSG-treated rats.. Upon autopsy at 40 days of
ute weishts of the thyroid and adrenal glands of both scxes were
¢ wvereased from those of control rats; but when corrected for body weight,
s wate marginal. At 110 days, the absolute weights of the adrenal and
thyroid ¢ s of both sexes were significantly reduced from their respective control
fevels, Gonadal weights of MSG-treated rats’ were signiticantly reduced at 40 and 110
K Size and weight of the anterior pituitary glands of both male and female
wted rars were significantly reduced from control values, There was a marked
252 in growth hormone and luteinizing hormone content in the antetior pituitatics
! furnale MSG-rreated rats at 40 days. However, thyrotropin content of the
¢ pituitivy of MSG-treated male sats. did not show any significant change from
control fevels ar 40 days of age. ' :

oL B3
Bl
;;.

DI

Several reports have su ggested that monosodium glutamate (MSG)
feay exert a toxic effect when given to both experimental animals and
man. The addition of MSG to food has been implicated in the cause
of the ‘Chinese restaurant’ syndrome in man [SCHAUMBURG ef 4,

! Suppotted int part by USPHS Grants AM-07467 and AM-09094,

Received: November 13th, 1970. Accepted: February 3rd, 1971,
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1 cot vndios showed that phaomacobagical doses of MSG -
cod i s Luens 1 M,; itated headache, burning scasations, facial
pre .g:n:, sad Chest prins [SCHAUVMBURG ¢f af., 1“6‘“. MSG injected

L aanceasly into n ()ﬂm.ﬂl mice has been shown to damage the
o ,J ot of the contral pervous system and cavse failare of the

aof the inner nuclear layer ')f the retina [Porrs ¢f a/., 1960;
1230]. Ouney has also reported that, in mice, 1 MSG selectively

LANEY,

aie \)}b e puup’ ic and arcuate nuclei of the hypothalamus [OLNEY,
1; 1. Te has 2lsn been repasted that subcut:mcous -administration of
314G o an isfant Rhesus monkey fesulted in acute dcgenex:mon of -
bs e acurons [OuNey and Suarre, 1969]. »

It is well-documented that the h\pothnlamus secretes specific

“acvrclofmon s, which are carried to the anterior pituitary gland via

: §
-.J jlucnces on the synthesis and release of the trophic hor-
¢s {\"xx Ly of af., 1968, 1970]. Chemical or physical damage to
Jamus may thus result indizectly in changes in the content
.1 zue of the anterdor pituitary hormones and, consequently, in
¢t w5 inthe weight of the respective target endoctine organs.
Ljective of this study was to dctermine the effect -of ad-

the bypoplasoal portal vesscls, ‘where they exert stimulatory or
;

pu”

FAN

e I of MSG on the weights of the zaterior pituitary and
e1 e eodocring elinds, and ‘on body weight, food consumption,
v < besity. In addition, the anterior pituitary levels
: GH ),!L’.L‘A?‘/L'I"“()'rﬂ‘)uﬁ (LH) and thyrotropin
R BN ,
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; '
. , . - ; N 1
1 it
T Lo ey “",l phwe’ Dot omw e b

PRSI TR T I EPE Y R

'
i
’
i

R

rrapes

e

.

Monosodium Gletsuate and Dndoctine Punetion -7 2491

. Br)dy weights and nasoaral Jength wese also secorded, The anterdor pituitary ghinds

were ho'-‘* genived inegg .z‘humm-phosphz\te buffez and aliquots taken for the determing-
tlon of GH, LH, and TSH content. :

_TSH was measured by the mouse assay of McKenze {1958] and the results are.
expressed in terms of milliunits of NIH-TSH-5-5. LH was measured by the double
antibody radivimmunoassay of NisweNDER of o/, [1968] (00-RAT-RIA), using a cross-
seaction with ovine LH. The amotint of LH was expressed in terms of NIH-LH-S-14,
which was cbtained by direct reading on the standard curve. GH was measured by tl‘c‘
double antibody radicimmunoassay of Scuarcs and Rercnvix [1966] and expressed in

* terms of NIAMD-RAT-GH-R-1. Statistical analyses were pcrformed by the Student ‘¢’

test [SNEDECOR, 1957]
Results.

Table IA shows the changes in weight, nasoanal length, and the
Lee index in control and MSG-treated male and female rats at 40 days
of age. Body weight and nasoanal lengths were sigaificantly reduced

s
-
. . .

Table IA. Changes. in body w:xght, length, and obesity index in MSG«u&.'cd rats at

. _ ‘ 40 days of age
Tteatment ~Body weight Nasoanal length Lec indexb
(g+S.E.)» {ecm*S.E) - (£33
"Males  Controls 161 £0.51 2454021 02012 015
(12 MSG-treated 104425 21.240.45 9005 50 14
: rt S 0.0601 -0l NS
Females  Controls- 135439+ 1692015 .
12 MEG-treated 832%20 147 L04Y
o 0.601 R (X303
Ph1D. Chonges o Beady weipht, Ieonthy and ebeity bt ox dn MGt oo st
Males Contrels [ASRET =3
oy’ A5 i’ M
‘ -
P R
reraton Conrrols [ERER AN f
) o coorod ; b
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1 2. ¢ a : : B <
20543 220408, :2#.0;1;50 215 £104 2274120 2455029
wed 20522 ;o.oii.a 18.720.75 18752025 17.040.82 20.0£1.00
ey NS 0035 0025 . 001 C oom
: : . v L . .
{75608 1604071 1704071 175 +0.96 1874150 20.040.1
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N s Ns' L oS 005 ¢ 0025
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* Table 11 also shows that the absolute weights of the adrenal glands

of MSG-treated rats at 40 days of age were significantly decreased,

but not when corrected for body weight. However, at 110 days the

relative and absolute adrenals weights were sxgmﬁc.mtly reduccd from
control levels.

Gonadal weights of the MSG trcated rats were mgmﬁcmtl) reduc-
ed at. 40 and 110 days of age as shown in table IV. The testes of
MSG-treated rats appeared grossly normal, but with an over-all seduc-
tion in mass. Although the absolute weights of the testes at 40 and
110 days were significantly decreased, whcn corrected for body weight
at 110 days, the differences were not significant. In females mﬂtcd

with MSG, the ovaries appeared atrophied, with many atretic follicles,

v .

Table J11. Thyroid ancl adténal weights of control and M5G-treated rats at 40 and 110 days

27 40 days (120 110 days (6)
Thyroid wt.*,  Thyroid wt.f Thyroid wt. * Thyrtt wif
mg+S.Es 100 g hody wt. . mg 5.0 (5) 109 ¢ beuly ot
- I . S . - 4 S i
Males . , o
Conteols - 7.9940.,31 596013
MSG-treated 5524023 o 5444010
Q.001 L NS
£.98+0.30 5454021 4.0t
4352019 - 5.3120.26 3o
p 0.0 NS .5
! R 2403000 it H 3
.’5
T
i ko . N J LR G SV SN PP RIFRRLE 9N vd--v!l‘.;“ m
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-7 e wasan arprosimate 68 % deerease in ovarian weight at 40 days
ad 3% at 110 days of age, and these di

flerences persisted when
corrected for body weight, ‘

Table IV, Gonadal weights of control atid MSG-treated sats at 40 and 110 days

coiined by Stodent's ‘ test.

.

¥ 40 days (1206 “110 days (6)
Testes © Testés wt.f Testes Testes wt./
g+ S.E» 100 g body wt. g + S.E. © 100 g body wt.
. + S.E. % S
C Miles . .
Conrrols - 1902007 - 1174002, 3.27+0.11 0.93%0.09
2T Greated 0.66 0,08 0.62:+0.08 2.60£9.09 0.8 £0.03 .
pe 0.601 0.001 0.005 ’ NS ’
Oraries Ovarics wt,/ Ovatics Oraries wt./
mg + S.E. 100 g body wt. mg & S.E. 100 g body wt.
. + S.E. i v + S.E.
356429 . 2861192 - 767428 319410
123428 14.84+0.92 39.7+6.3 17.2+26
0.031 : 6.001 0.001 . 0.001
* b esdurd etror of mean,
v tef s in group, :
i : onmined by Student's 't test.
LR S s phinitary -.v:-ights' in control and MSG-treated rats at 40 and 110 days
: 110 days (6)
Antopin " Ant, pit.wtf Ant. pit. . Ant, pit. wt.}
mgo 88T W) g body we  mg & S.E. 109 g body wt.
‘ + S.E. T £ S.E. :
© o MUTAOS . 3034005 -0 7204036 - 20240085
: EREEUS & N 2275008 4.32:4£0.29 i 1.34£0.09
ot 0.031 -0.001 0001 -
[ Aareain 10.11£0,57 4.2040.20 .
244002 3004067
[ (X 0.001
» I Vf . s ‘
Bl S §oup.
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Table V shows the weights of the anterior pituitaricé from MSG-

~ treated and control rats, The size and weight of the anterior pituitary

(glands) of both male and female MSG-treated rats were significantly
reduced from conttol values. There was a more than 50 % reduction
in weight of the anterior pituitary glands in both malc and female
MSG-treated rats at 40 days of age, and this decreasc in weight
persisted throughout the remainder of the experiments.

It is of interest to determine whether the changes in weight of the
anterior pituitary gland and target glands might be associated with
changes in content of trophic hormones of the anterior pituitary.
Table VI show the levels of GH and LH in the anterior pituitarics
of control and MSG-treated male and female rats. There was a
marked decrease in GH (71-84 %) content in antetior pituitarics of
male and female MSG-treated rats. Total content of LH was also

markedly reduced in male and female MSG-treated rats. TSH content

of the anterior pituitaries of MSG-treated male rats failed to show
any significant change from controls when measured at 40 days of
age. o )

e Discussion

Many of the effects produced by MSG in neonatal rats are similag
to a syndrome seen in weanling rats with clectrolytic lesions in the
ventromedial nucleus (VMN). This syndrome, as described by Fron-

v -

Table V1. Anterior pituitary content of GH, 1.H, and TSH in control and MSG-trrated

R Lo rats at 40 days

" mUTSHtotalanterior
pit. & S.I.

155 GH total antetior
pit. & SE»

mpg LH total i
anterior pit . & S.E.

Males (330 )
65474393

Controls 2935+ 3.4 )
MA-treated 82.6£29.6 . 17424173 -
0.001 PRI 4 X4}

S1214.255

15353 442
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tate. In vur stadies, MSG treatment resulted in
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o Wde upea Inspection the MSG- ttcm:d rats appeat-
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Tt iades, and it is a mcasure of obesity [BErRNARDIS and SkELs
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» in the VMN, When our data were calculated
U1, there was 4 signiiicaat increase in the Lee index
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electrolytic lesions is also associated with growth retardation [Den-
NARDIS ¢f 2l, 1963; HaN ¢# al., 1965; KruLich ¢f @/, 1965; Ber-
Narpis and SkELTON,. 1966]. Hypothyroid rats similarly show a-
decreased pituitary GH content [Knteer, 1958]. It is unlikely that -
these MSG-treated rats were hypothyroid, since the TSH content of
the anterior pituitary was normal and the weight of the thyroid and
its uptake of labelled iodine was not affected at 40 days of age.
Thyrotropin-relcasing hormone (TRH), which controls the relcase
and synthesis of TSH, may be produced in a rather diffuse portion of
the anterior hypothalamus and may have escaped damage in the MSG-
treated rats [D’ANG}:LO, 1963].

In contrast, both ovarics and testes of MSG—txeﬁtcd rats were
greatly affected. At 40 days, there was a 68 % decreasé in the weight

of the ovarics from MSG-treated rats. This decrease was evident |

even when corrected for body weight at 40 and 110 days. In malcs,
the testes were norinal in appearance, but showed an over-all reduc-
tion in mass. Absolute weight of the testes at 110 days was signifi-

- cantly decrensed, but not when corrected for body weight. It is not

Cable from those of contral nifee, md there

known whether these males or females were fertile. It is interesting to
note that pituitary levels of LH were decreased in MSG-treated rois of
both sexes, when measured at 40 days. Whether follicle-stimuliting
hormone (I'SH) levels were also reduced, was not determined. The
decrease in testicular weight and adrenal weights of MSG-trented
rats is in contrast to results reported In nmice by Ounuy | 95?] Tn
mice treated with MSG, the teies were teported to be indis :
was a stugesstion of ol
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Monosodium Glutamate: Absence of Hypothalamic Lesions

after Ingestion by Newborn Primates

Abstract. After recciving monosodium ghitamate by stomacl tube, the brains
of infant macaques were perfused for examination by light and electron micros-
copy. No morphological differences were observed in the hypothalamic regions
of treated and control monkeys. However, inadequately fixed tissue had the same
appearance as that of the previously reported brain lesion in a newborn mon-

. key.

The nervous system in certain nco-
natal species appears fo be highly
susceptible to injury after the injection
or oral administration of large doscs
of monosodium glutamate (MSG).
Acute ncuronal necrosis has been re-
ported to cccur in the retina of nco-
natal mice (J, 2) with concomitant
biochemical (3) and electrophysiolog-
ical (4) alterations. It has been re-
ported that the subcutancous injection
of MSG (0.5 to 4.0 g per kilogram
of body weight) in the riewborn mouse
is followed by a lesion in the arcuate
nucleus (5). Further, newborn mice
receiving daily subcutancous injections
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of MSG over a 10-day period devel-
oped into obese adults with delayed
skeletal maturation. Female mice so
trcatcd were reported to be sterile (5).
Because of its serious implications for
the human infant whose dict may con-
tain MSG, the most disquieting re-
port has been that of a hypothalamic
lesion in the periventricular-arcuate
nucleus 3 hours after the injection of
MSG inte a single newborn rhesus
monkey (6).

We administered MSG by nasogas-
tric tube to 16 infant monkeys and
then cxamined the hypothalamic region
by both light and electron microscopy.

- left ventricle. A cannula was threaded

6095

Distilled water was administered in an
identical manner to five infant mon-
keys (controls).

Nineteen animals were: obtained
from dated conceptions delivered in
the Primate Breeding Facility of the
University of Illinois at the Medical
Center. The other two were purchased
from a commercial supplier. In two
instances, infants were delivered at
term by cesarean section. The two spe-
cies, Macaca mulatta and Macaca irus,
are similar, although M. irus is a
smaller animal, which is reflected in
its lower weight at birth, The condi-
tions of the experiment are shown in
Table 1. Infants were fasted for 4
hours before being given, by stomach
tube, a 50 percent solution of MSG
in distilled water. Control animals re-
ceived only distilled water by stomach
tube. The doses given (1, 2, and 4 g/
kg) included levels both higher and
lower than that (2.7 g/kg) of Olney
and Sharpe (6). We chose to admin-
ister MSG by stomach tube rather than
by injection because its use by man is
primarily as a food additive. Each in-";
fant was maintained in an incubator !
with handling and cuddling at intervals |
for a 6-hour pecriod. No unusual be-
havior was exhibited by the infants.

At the end of the 6-hour period,
the infant monkey was sedated with
Sernylan (1 mg/kg), and an endo-
trachcal tube was inserted, either
through the oral pharynx or a trache.
ostomy incision. Halothane was admin-
istered by positive pressure (2 per-
cent), and a thoracoabdominal incision
was made. The abdominal aorta was
clamped, and a 5 percent solution of
sodium nitrite was injected into the

through the left ventricle into the aorta
and Tyrode solution containing gum
acacia was perfused for 2 minutes,
This was followed immediately by a
perfusate of 19 percent glutaraldehyde
(25 ml). The third perfusate consisted
of 2 percent glutaraldehyde with acro-
lein and gum acacia in phosphate buf-
fer. Solutions were prepared according
to Schultz (7).

To diminish rapid cerebral vaso.
constriction at the time of perfusion,
six monkeys were chilled to 26°C
(rectal temperature) by placing them
on ice bags for approximately 1 hour
prior to perfusion. In these instances
gum acacia was not added to the per-
fusing solutions. . |

At the end of the perfusion, the
.head was removed and stored over-

SCIENCE, VOL. 17
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‘fFlg 1. (A) Paraffin section through arcuate nucleus—median eminence region from
:_neonate monkey which had received 4 g of MSG per kilogram of body weight
(X 90). (B) Epon section of ventral hypothalamus cutting through infundibular stalk

: ';from another monkey receiving MSG (4 g/kg). Sections such as these were indis-

»linguishable from comparable regions of control monkeys (¢ 90).

x

i .
fnight in the final perfusate. The follow-
f\ing day, two or three sample blocks
{1 mm thick slices) were cut through
ithe arcuate-median eminence area with
Ja Sorvall TC-2 tissue sectioner. These
,shces were post-fixed in osmium, de-
2hydrated, and embedded in Epon. Sec-
gtions (1 pam thick) were cut and
gstaincd with methylene bluc—azur 1I
tand examined with the light micro-
isuopc. Ultrathin sections of each block
"were then examined with an RCA
; EMU 3H microscope.

For light microscopic cxaminations,
¢monkeys were perfused with physio-
?éloglc saline followed by 10 percent
$formalin containing gum acacia. Serial
¢ paraffin sections of the hypothalamus
< extending from the preoptic arca to
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the mammillary bodies were cut at
15 pm and stained with cresyl violet.

The hypothalumic arca was prepared
for light microscopic examinations in
eight infant macaques and for ¢lectron
microscopic examinations -in 13, The
hypothalamus was first studied by light
microscopy in order to evaluate the
presence or absence of a lesion in-
duced by MSG, because light micros-
copy has been shown by Olney 10 be
adequate for detecting retinal (2) and
hypothalamic (5) lesions. Also. at the
light microscopic level, we have been
able to confirm hypothalamic lesions
in the mouse (8) characterized by
swollen cell somas and pyknotic nu-
clei. Close examination of serial par-
affin scctions of the hypothalamic areas
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derived from infant monkeys that were
trcated with MSG revealed no differ-
cnces between these sections and com-
parable serial sections obtained from
control animals (Fig. 1A). Similarly,
cxamination of I am Epon sections
prepared from 16 sample blocks of the
arcuatc—-median cminence area re-
vealed no significant differences be-
tween control and treated animals
(Fig. 1B). Decndrites and- cell bodies
of neurons were normal in appearance
at all dosage levels.

Ultrathin sections of the arcuate nu-
cleus confirmed our light microscopic
observations in that no significant dif-
ferences were found in the appearance
of the cell somas and their nuclei be-
tween normal infant monkeys and
those treated with MSG (Fig. 2, A
and B). However, electron microscopy
did reveal certain details not readily
apparent in paraffin and Epon sections.
Badly to marginally fixed arcas became
readily observable and in these regions
were seen swollen dendrites  lacking
internal cytoplasmic contents (Fig. 3)
as .well as neuronal perikarya cxhibit-
ing a spectrum  of “degencrative”
changes. As is often true of inade-
quately perfused brain, we found that
poor fixation characterized onc brain
region while immediately adjacent
arcas presented a  well-fixed appear-
ance.

No sigrificant morphological difler-
ence at the light or ultrastructural level
could be detected in the periventricu-
lar-arcuate area between neonatal mon-
keys which served as controls and
those ingesting MSG. In smail areas

PN Pm 2. (A) Ncumpll of arcuate nucleus of MSG-treated monkey

I N N T L o

(4 g/kg). Dendrites (d) had normal appearance (X 25,900). (B)
Typical somatic profile from arcuate nuclens of MSG-treated
monkey. Nuclei of neurons showed no evidence of pyknosis and
the cytoplism showed no signs of necrosis (X 11,900).
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Table 1. Specics, age, body weight, and ad-
ministered dose of MSG.

. Age Weight MSG dose
SPecics (days)  (g) (e/ke)
Electron microscopic examination
M. irus 9 - - 310 Water
M. irus 21 360 Water
M. irus 36 335 Water
M. mulatta 0.02 550 1
M. mulatia 2 - 450 1
M. mulatia 4 430 1
M. irus 7 445 2
M. mulatta 8 390 -2
M. irus 3 320 3
M. irus 2 345 4
M. irus 3 340 4
M. irus 6 300 4
M. irus 8 300 4
Light microscopic examination

M. irus - 15 310 Water
M. irus st 410 Water
M. irus 1 510 ) 2
M. irus 4 375 2
M. irus 6 320 2
M. mulatta 8 240 2
M. irus 8 340 4
M, mulatta 14 480 . 4

of the periventricular-arcuate region in
both normal and treated infants, poorly
fixed tissue appeared similar at the
ultrastructural level to that described
in a newborn monkey after MSG ad-
ministration (6). The obstacles to ob-
taining consistently superior fixation,
especially in a large animal, do create
difficultics in interpreting neuronal
pathology. For these reasons, it appears
imperative that such studies be per-
formed on a number of animals, that
wide-scale sampling of both experi-
mental and control blocks be under-
taken, and that the electron mi-
croscopic appearance of controls be
examined with great care.

According to Olney (2, 5), the
lesion induced by MSG in the rodent
is characterized by swollen dendrites
and cell bodies accompanied by mito-
chondrial transformations. Degencra-
tion leading 1o neuronal necrosis was

g

TP WS Wt PR g

Fig. 3. Portion of neuropil from arcuate nucleus of control monkey in which quality
of fixation was poor. In such areas ballooning of dendrites, as shown at arrow, was
‘relatively frequent. Also, membrane vesiculation (mv), mitochondrial swelling (mir),

~and vacuolization of organelles in neuronal profiles was often found. Epon sections,

1 pm, which preceded ultrathin sections, showed a “Swiss-cheese effect” because of
dilation of badly preserved dendritic processes () 17,000).
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followed by completion of phagocy-
tosis 48 hours after injection. Arces
and Mayer (9) have described necrotic
areas in the arcuate nucleus of the
mouse resulting from degenerating mi-
croglia a few hours after MSG ftreat.
ment. We, too, have been able to
confirm reproducibly a lesion in the
arcuate nucleus of the newborn mouse
and in other brain areas in response to
the ingestion of MSG (8).

With respect to both functional and
morphological indices of maturation,
the central nervous system of the new-
born primate and the newborn rodeat
are hardly comparable, It remains to
be determined whether it is glutamate
or one of its metabolites that is respon-
sible for the damage observed in the
newborn mouse. Conceivably, slight
species differences in the metabolism
of glutamate may make the rodent
mouse more susceptible to neuronal
damage than the primate. The final
parameter that may vary with develop-
mental age or on a species basis is
that of route of access to the arca sus-
ceptible to injury. The blood-brain bar-
rier, the cerebrospinal fluid, and the
integrity of the ependyma lining the
ventricles all deserve closer scrutiny
in this respect,
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SIN CIB-SYN: ACCENT ON GLUTAMA'L

1o the KEditor! To suppress the mounting hysteria and

prevent the wholesale slaughier of Chinese-restaurant own-
ers. we feel impelled 1o present a preliminary conmunica-
tion on the etiology, psychopathology and clinical pharma-
wihogy ol the variously misnamed post-sino-cibal syndrome
{Chinese-restaurant syndrome). ‘This reaction although first
devribed in the technical literaiure in your columns has
becn, i fact, well known for many years 10 experienced
alloigists and Chinese-restaurant owners,
Che reaction is brought on in susceptible subjects by
menosadium . glutanate (supplicd 10 Chinese restaurants as
Aceny, as Ajinomoto powder or as monosadiush glutamaie,
1y Five gm of material is adequate 1o produce a response.,
In nonsusceptible persons 25 gm will not produte the reac-
tion. :

With the enthusiastic co-operation of the Shanghai Cafe
one of us ate Chinese food for breakfast, lunch and dinner
until the search bad been narrowed to cither hot and sour
soup or wunton soup, both of which produced the reaction.
A 1ough filtrate of wontom soup alsy produced the reaction,
Upon sampling of the individual ingredients, the dagper of
suspicion pointed at monosodivm glutamate, Further exper-
iments confirmed  this suspicion. The  experiments were
performed with the use ol approved blind and double-blind
technics on three volunteers, I the suspicion that irvesponsi-
ble human experimentation was done has crossed your
wmiad, be at case. The days of Walter Reed are not past,

the reaction is characterized by an onset time of 15 10 25
mntisutes, a duration of 45 minutes and a Hucluating inen-
siy. The subject first feels a burning sensition in the back
of the neck, fallowed by a burning over the forcarmns sanl
antciin thorax. ‘This is followed by a feeling of infraorbital
prossuse and tightness, There s a variable amount of sub-
sternal discomtort. The burning s without erythena or
Wovites, abd e tightness is without visible sipns of muscu-
b conttaction. Many previousty desoribed componens of
this reaction ~ thin is, syncope, tachycardia, lacrination,
fasculation and mitusea — can be atibuted 10 anxiay and
lear of face loss (pseudoposisinocibatdefaciation). A pioup
1esponse: sumetimes coads the pure reaction, “This is not
disamilar from the reaction described in Polynesian cultures
talled Latah (M. J. Indian Arelapelago, 1875). ’

Hie veaction s not affected by pretreatiment with di-
phn|I|)1h’.uninc and vannot be simulated by ingestion of
equivalent amounts of sodium in the {form of sodium chio-
vide ar by glutonic acid (3-form), As miany as eight episodes
2 diay can be survived (personal experience). -

Fhis Jetter does not presend 1o be the last word, Experi-
nents 1o determine whether it is monosodium glutamate or
4 contaminant are in” progress. Despile cuts in the budget of
the N.LH., basemem rescarch will still give the answers.

OQur- thanks are due first to the untold number of viciims
who have called in the middle of the night, because this
above all has driven us forwivd to find an answer. However,
we must abso tank the swelling group of cobleagues who
have contributed their efforts, notably Dr. Jack Peisach, Dr.
Peter Engel and Mr. Brooke Jennings.

Proceeds from “the soon w0 be wrinen monograph, The
Ruce for the Double Wonton, will be used 1o improve working
conditions for the dedicated investigators.

CHerserr H. ScHauvMBurG, M.D.
Awistant Professor uf Newrology
. Rosert Byek, M.
Assistant Professor aof Pharmacology

Bronx, N.Y.

Albert Einswein Cullege of Medicine -

.
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Monesodium L-Glutamate: Its Pharmacology and Role

in the Chinese Restaurant Syndrome

.

Abstract. Monosodium v-glttamate is the cause of the Chinese restaurant
syndrome and can precipitate headaches. In appropriate doses it causes burning
sensations, facial pressure, and chest pain. These are pharmacolocical effects
obeying a dose-effcct relationship. There is considerable variation in oral thresh-

old doses among individuals.

Monosodium L-glutamate (MSG) is
a widely used food additive. Twenty
thousand tons of MSG are manufac-
tured and used in the United States
each year (). The labeling of a widely
used brand states, “To wake up all the
flavor nature put in your food, be sure
to use at least the amounts . . . sug-
gested below, adding more as desired.”
Amounts approximating 1 g per serv-
ing are the minimum amounts sug-
gested.

Monosodium L-glutamate is not a
wholly innocuous substance. It was pro-
posed as the cause of the Chinese res-
taurant syndrome in July 1968 (2). We
report here some aspects of the acute
human pharmacology of MSG and, in
addition, present evidence that it causes
headache. )

Many symptoms have been suggested
as components of the syndrome (3).
On repeated observations, we find
that three categories of symptoms can
be elicited by MSG-—burning, facial
pressure, and chest pain. Headache is
a consistent complaint in a minority of
individuals. The MSG response and
the syndrome are identical. The symp-
toms appear only if the meal is taken
on an empty stomach by a susceptible
individual (4).

The proof that MSG is the cause of
the syndrome was arrived at with the
cooperation of two subjects. both of
whom had symptoms in the same res-
taurant. We found that 200 ml of
wonton soup alone was sufficient to

826

provoke an attack (5, 6). Although
other foods caused the response, won-
ton soup was the simplest in composi-
tion.

The restaurant prepared soup with-
out MSG and it failed to provoke
an attack. The subjects then ingesied
each of the seven components of the
wonton soup separately. Only MSG
caused the symptoms. In a blind proce-
dure, MSG was then given to four
additional individuals who had symp-
toms in the same restaurant, It pro-
voked an attack in all four in amounts
of 3 g or less. Therefore, we concluded

N
T

-
T

Symptom intensity

30 50 100 200 500
Dose (mg)

Fig. 1. Relation between intensity of
burning (solid line), facial pressure
(dashes). and chest pressure (dotted line)
and intravenous dose of MSG. Each
point represents a mean intensity from
three or more responses. The data were
obtained from four subjects.
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that the Chinese rtestaurant syndrom
was caused by MSG.

We then determined that r-glutam:
acid in several forms could provoke
attack. Symptoms were provoked :
our two original subjects by Acc-
(3 g). MSG, chemically pure grade (C?
(3 g), monopotassium L-glutams
C.P. (4 g), pL-glutamic acid (5 g), a
L-glutamic acid (5 g). A previous r:
port of failure of L-glutamic acid |
provoke an attack (2) was due to o
using an insufficient volume of wa:

as a vehicle for this poorly soluble s f

stance.

A repeat trial with 5 g of L-glutam.
acid, fully dissolved in 500 ml of wate
at 30°C, provoked an attack. In add
tion. to eliminate the possibility of »
impurity in the commercially availab;
t-glutamate, we synthesized monosod
um DL-glutamate (7). The resultar
product was identified from infrare
spectra and by thin-layer chromatog
raphy. Five grams of this product wex
sufficient to provoke an attack.

The following substances did na
provoke symptoms: monosodium n
glutamate (7 g), monosodium L-aspar.
tate (5 g), NaCl (10 g), and glycine
5 g).

We next determined that the intor.
sity and duration of the symptom
were related to the dosage of MSG
To define the temporal sequence an!
nature of the symptoms, we gave M
as Glutavene, intravenously to 13 «h
jects. After oral administration of th:
substance, the symptoms were per
ceived by our subjects in a less well
defined order because the onset was le.
abrupt and the increase in intensin
more subtle. After oral administration
many subjects experienced only on,
or two componcnts of the syndrome
Fifty-six normal subjects (30 male ani
26 female) were given oral MSG. Tk
age range was from 21 to 67 yearn
Symptoms of the syndrome occurred ir
all but one subject. We gave MSG to
36 subjects at different doses to detcr
mine the distribution of thresholds. I
the one individual in whom no symp
toms could be produced despite larg
doses of oral MSG (21 g), symptonn
were produced with an intravenou
dose of 50 mg.

We previously reported that one o
the -subjects had ingested 25 g of MSG
without symptoms (2). However, on

repeated testing this individual showe!

a threshold of 5 g. The symptoms
had been obscured, in the previom
test, by prostration and gastric distrew

SCIENCE, VOL. 16

dich was provoked by the 25-g dose.
4 After intravenous administration in
} subjects, the first symptom appeared
31 17 to 20 seconds. The threshold
imge (for minimum symptoms) was
g?i to 125 mg. After intravenous in-
’,gdion of a suprathreshold dose, the
41t symptom to appear was a burning
Tensation, usually beginning over the
{test and spreading subsequently to
» the neck, shoulders, forearms, the
omen, and occasionally the thighs.
éhlS varied in intensity from a “mild
«unbum” sensation with threshold dos-
r.“-e to a severe *“scorching” sensation
*.ith large dosage. We refer to this as
de “burning sensation” in our data
jod graded its intensity on a three-
fvint scale, depending on whether it
yas just perceptible (1 point), mod-
“rately uncomfortable (2 points), or
“were (3 points).
! The second category of symptoms
Vs a sensation of tightness and pres-
:»:rc over the malar areas, occasionally
tending into the zygomatic and retro-
rhital regions. This was sometimes
Uscribed  as similar to  postanesthetic
*-imbness. This sensation was usually
% last to appear and had the longest
wration. After intravenous injection it
“nied 120 to 180 seconds; after oral
" Iministration it lasted for 30 minutes.
iThe intensity of this “facial pressure”
'.as also graded on a three-point sub-
_ «clive scale.
5_ The third type of symptom was a
j<nsation of pressure over the pre-
nrdlum or substernal area, occasion-
’.Hy radiating to the axillac or neck.
5 This sensation, referred to as the *“‘chest
‘wessure,” followed the burning by
Thout S seconds. Its intensity was grad-
'x! in the same manner. This sensation
‘ an be very alarming; in the past, one
1r our susceptible physician subjects re-
Msted an electrocardiogram after a
{Chinese meal. The subjects who re-
uved 500-mg infusions of MSG
" howed no electrocardiographic changes
.,Jesplte the presence of severe chest
4ain,
§ Dose-effect curves for intravenous
#MSG are shown in Fig. 1. Oral admin-
fwration of MSG caused symptoms
{ifter 15 to 25 minutes. The oral thresh-
%ol range for minimum symptoms in 36
{ubjects was from 1.5 to 12 g The
“listribution can be seen in Fig. 2. The
3l threshold bore no relationship to
3he intravenous threshold in the same
.xtson. There was no apparent rela-
*ion of threshold to body weight, sex,
o age.

3
i
1

-
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Fig. 2. Oral thresholds for minimum symp-
toms of MSG response in 36 subjects.

The oral dose-effect curves (Fig. 3)
also show an increcase in intensity of
response with increase in dosage.
Single-blind methods were used for the
dose-response experiments. In two sub-
jects, the ingestion of 50 mg of diphen-
hydramine and 600 mg of aspirin on
sepurate occasions did not affect the

" response to oral MSG.

In two subjects, antecubital intra-
venous  injection of MSG, with the
arterial circulation occluded by an axil-
lary cuff [a method of regional urterio-
venous perfusion (8)] produced burn-
ing of the subject’s entire arm. Seven-
teen seconds after we removed the cuff,
releasing the substance into the rest of
the body, the subjects felt the burning

‘sensation over the chest and neck. The

burning sensation is therefore a periph-
eral phenomenon and not due to contral
nervous system stimulation,

Six subjects complained of headache

N
[

Symptom intensity

-
T

N

Dose (g)

Fig. 3. Relation between intensity (see
text) of MSG response and oral dose in
grams. Solid line, burning; dashes, facial
pressure; and dotted line, chest pressure.
Each point represents a mcan intensity
from four or more responses. The data
were obtained from six subjects.

after oral ingestion of MSG. Review
. of the medical history of all our sub-

jects showed six with a history of com-
mon migraine and three with a history
of combined vascular-muscle tension
headache (9). Those six who had
originally complained of headache after
MSG came from this group of nine.
A double-blind placebo-controlled ex-
periment on eight individuals with
headache history, including five of the
previous six reactors, revealed two
subjects who consistently suffered from
headache after MSG.

The double-blind experiment was
conducted as follows. Homemade
chicken broth was used as a vehicle.
Six grams of MSG were added to one of
three cups of broth. All solutions were
then salted to a close approximation
of identical taste, Each day, on awak-
ening, the subjects took a cup of broth
and made a written report on all symp-
toms. The headache, described as pres-
sure and throbbing over the temples and
a band-like sensation around the fore-
head, started 20 to 25 minutes after
ingestion of the MSG and lasted 1 hour.
No nausca or warning were noted in
this double-blind experiment.

The oral dose-effect curves of MSG
indicate that the Chinese restaurant
syndrome is the normal response to
this agent. All subjects tested could be
made to experience the sensory phe-
nomena if they ingested enough MSG
or if they had an intravenous injec-
tion of as little as 125 mg Al of
our subjects with the syndrome had
oral thresholds of 3.0 g or less.

Because prior ingestion of food,
which delays absorption of the agent,

will protect even the most susceptible

individuals from this phenomenon, it
is not surprising that the soups, which
are usually ecaten first on an empty
stomach and contain large amounts of
MSG, provoke the symptoms.

It has been suggested that pcople
sensitive to small amounts of MSG are
carriers of an inherited trait, as are
those who have taste sensitivity to
phenylthiourea (10). We studied three
familics with more than one known
susceptible individual; no pattern has
emerged to indicate a genetic mecha-
nism.

Since commercial MSG is manufac-
tured by a yeast fermentation process,
it was imperative to rule out an organic
contaminant. Such an impurity recently
produced a supply of unpleasant-tasting
MSG in Suchow (I7). The presence
of an impurity has been ruled out by

827
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the positive reaction to the synthesized
product.

It is difficult to define an exact mech-
anism for the responses to MSG. Since
L-glutamic acid is present in large
amounts in the central nervous system
and has been suggested as a neuro-
humoral transmitter (J2), it seemed
reasonable to assume a central nervous
mechanism for all the sensory phe-
nomena. However, the results of the
local perfusion of one extremity iso-
lated from the rest of the body has
dispelled this theory as accounting for
all the symptoms. There is usually no
sensation immediately after intravenous
administration of the substance. How-
ever, after 17 seconds therc is an in-
tensc burning, first in the chest, then
spreading centripetally to involve the
shoulders, neck, forearms, and abdo-
men,

In two of the six individuals giv-
en 500 mg intravenously, the burn-
ing sensation traveled down the midline
of the abdomen, bifurcated and con-
tinued into the thighs. This response,
combined with the isolated limb per-
fusion, implicates artcrial receptor. The
chest pressure after intravenous injec-
tion seemed somewhat like anginal pain.
This pain is also similar to that pro-
duced on stimulation of the aortic
chemoreceptors (13). The lack of change
in clectrocardiogram would be consist-
ent with either.

Headache occurred consistently in
two of our 56 subjects; it was the pri-
mary complaint’ of two correspondents
in the original description of the dis-
ease; and we have received four letters
from individuals in whom headache
was the only symptom. The headache
pattern is that of a combined vascular-
muscular contraction headache. The
significance of L-glutamic acid in the
cpidemiology of this common headache
is still undetermined.

A review of experiments on oral and
intravenous administration of MSG has
revealed none of the reactions reported
here. Because in the two conditions for
which MSG has been prescribed (he-
patic coma and mental retardation)
the subjective response of the individ-
ual is unreliable if clicitable at all, it
is not surprising that the symptoms
have not been reported.

Since glutamic acid is present in
large amounts both in the body and in
some foods, the Food and Drug Ad-
ministration places MSG in the category
termed “generally regarded as safe.”
No limitation is placed on its use as a
food additive (I). We now have shown

ave e a .

that MSG can produce undesirable ef-
fects in the amounts used in the prep-
aration of widely consumed foods.
HERBRERT H. SCHAUMBURG
Saul R. Korey Department of
Neurology, Albert Einstein College of
Medicine, Bronx, New York 10461
ROBERT BYCK
Departments of Pharmacology and
Rehabilitation Medicine
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BRAIN DAMAGE IN THE MALE DOMESTIC FOWL TREATED WITH
MONOSODIUM GLUTAMATE

N. Sxarig, B. Rosixzon anp M. PErik
Department of Animal Hygiene and Peultry Scicnee, Faculty of Agriculture,
Hebrew University of Jerusalim, Rehovot, [rael

(Received for publication Apeil 20,0 1971)

cal processes wax inctuded in‘our studies of
the domestic fowl’s neuroendocrine control.
Thiz report is concerned with the effect of
MSG o administrations - on the anatomical
changes in the central nervous system. Fur-

A single subcutaneous injection of mono-
sodium clutamate (MSG) in 2 to 9 davs
old mice induced neuronal necrosis in sev-
eral brain regions, including the hypothala-
mus (Olney, 1009), Brain damages in an

Cinfant rhesus monkey, rabbits and rats
were alzo induced by a single subcutaneous
MSG injection (Olney and Sharpe, 1909).
On the other hand, Adamo and Ratner
(1970) in a recent publication, reported on
the lack of such eifects 'on rats’ brains.

Fhe efiect of MS6G on certain physiologi-

ther eficcts of MSG administration on the
chicken are under investization.
Fighty-four, 3 day old New Hampshire
> White Leghorn cross-hred male chicks,
were  divided into 6 equal groups, All
eroups were subcutaneously injected in the
dorsal part of the neck, according to the

) LE “ec
!}/B/Uv b Oe 3.21?‘{‘1“
B85 (1-1514- (197}
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following order:

Freatinent

Group 1 T mg. MSGiigm. BV,
Group 2 g, MSGH oam. BW,
Group 3 Fmgs MSGrgm. BV,
Group 42 g MSGogm. BV
Group 5 Saline

Group 6 Saline

P ASG o manufactured by BDIE chemical division, England.

E'Pheee chicks died 24 he post injection,
? IMive chicks died during the treatment.

Forty dayvs after start of injections, 3
birds from each group were Killed by de-
capitation and their brains immediately re-
moved and tixed in 107/ neutral formalin.
After embedding in 107¢ gelatin, 134, fro-
zen serial frontal sections were performed
and stained with thionine. The brains were
sectioned in a pozition <imilar to the plane

NOTES |

Volume (ml.)

single inj, 0.
b J I

3
one daily inj. 10 days : (.3
single inj. 1.2
one daily inj./8 days 1.2
single inj. 0.3

2

one daily inj./ 10 duvs 1.

described by Van Tienhoven and Juhasz
(1902}, in the atlas of the chicken brain,
The brain sections of the MSG treated
and saline treated control birds were exam-
ined by lizht microscopy. While brain dam-
age was found in each of the MSG treated
birds, none was ohserved in the controls.
The typical brain damage was located in

-Fie. 1. RBrain fromal section throush the hypothalamus region of a3 davs old male chicken treated

with 1 mg MSG/am., BAW day, from 5 to 15 davs of aze. The picture depicts the center of the dami-

aged area. The damaged area i= on both sides of the brain, near the midline, close 1o the thivd ventricle.

It extends dorsally to- the subrotundus ruclel, latevadly to the rotwndus nucled, and veatrally 1o the tr.
oplicus marginalis, wcluding the wrcnate wucdei. Vhe ventromediol hypothalaomic nnelei tarrow) look
unaffected. Nate the condeased eells zone surroinding the damaged area. Cx300,
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Fia. 2. Muznitication of brain arca dorso-lateral to the wentromedid nuclel in an MSG treated
chicken (a), and a saline treated hird (). Reduced neuron population per definite avea is obvious in

the damaged are G s compared with the undamaged one (hy. 0371,

By o
ST i ‘
: ";% : e,éd o

it

i, 3. Necrotic neatons tarrow) in the hypo-

thalamus damazed area Cdorso-lateral to the ven-

tromedinl nucli), The nuclet of the neuron cells

are pyknotic, (20370,

Note: The pictures are representative, and reflect the same results obtained with each MSG dusage used.

the buse of the brain including the hypo-
thalamic region (g, 1), The damage was
=0 obvious, that it could even be detected
with the naked eyve. Microseopically, cell
density per definite damaged  area was
found to be much lower than that of the
pareiilel area in the control birds (Fig 2).
Many necrotic neurons could he seen in
most of the afiected areas (Iig. 3) and
their stain ahsorption, hy the cell nuclei,
was faint compared with that of the neigh-
boring unaifected arcas. The neuron cells’
nuclei had distinguished vacuoles, and the
whole arca, wax cloudy and swollen. \ con-
densed zone of normal unalfected cells was

formed around the damaged area (lig. 1),
pous~ibly as a result of peripheral pressure
from the cellz of the damawed arca.

The described brain damages observed in
all the treated groups, were somewhat less
obvious in the bhirds receiving a single in-
jection of 1 maz. MSG ‘g BWL It should
be pointed wut that =o far the bilateral hy-
pothalamic ventromedial nuclei were unat-
fected by the MSG o treatment. Further-
more, till 45 days of age, neither hyperpha-
gia nor differences in body weight were
noted in the treated groups compared with
the cantrols,

The presented observations have xhown
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varying ages and various MSG dosages are
in progress.

SUMMARY

Monosodium glutamate was subcutane-
ously injected to 5 days old male chicks.
The birds were killed at 45 days of aze and
their brains were histologically observed.

-
—1
1514 RESEARCH NOTES
- that, like some mammals (Olney, 1969; Ol-  The compound induced brain damage in
‘ ney and Sharpe, 1969), the Gallus domesti-  the hypothalamus region surrounding the
- cus’ central nervous system is also suscepti- ventromedial area leaving the latter unaf-
ble to damage following treatment with fected. Neither hyperphagia nor increased
. MSG. 1t should be emphasized. in contrast  body-weight over the controls were noted.
» with the above mentioned studies, that in ' e
this one, not all MSG aifected neurons were . REFERENCES
. . Adamo, N, J., and A, Ratner, 1970. Monosodium
- phagoc_\'tlzcd and  cevacuated following slutamate: Lack of effects on brain and repro-
1 1 treatment. Further studies with birds of ductive function in rafs. Science, 1601 673-674.

Olney, J. W 1909, Brain lesions, obesity and other
disturbidnces in mice treated with MSG. Science,
104: 710721, :

Olnev, J. W., and L. G, Sharpe, 1909. Brain lesions
in infant Rhesus wonkey treated with MSG.
Sciene, 106 38b-388.

Van Tienhoven, A, and L. P. Juhasz, 1962, The
chicken telencephalon, dicncephalon and mesen-~
cephalon in stereotaxic coordinates. J. Comp.
Neurol, 118 183108,
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THE RELATIONSHIP OF GLUTAMIC AND ASPARTIC ACIDS TO THE
PRODUCTION OF NAUSEA AND VOMITING IN MAN

By Craruey J. Syyrn, M.D.
MEDICAL DIRECTOR WILLIAM J. SEYMOUR HOSPITAL (DIVISION OF) WAYNE COUNTY GENERAL HOSPITAL
AND INFIRMARY
StaxLey Levey, Pn.D.
RESEARCH BIOCHEMIST, MEDICAL DEPARTMENT, WAYNE COUNTY GENERAL HOSPITAL AND INFIRMARY
AND
AxpreEw G. Tasicnax, M.D.
CHILF BURGERY RESIDENT, WAYNE COUNTY GENEHRAL HOSPITAL AND INFIRMARY
ELOISE, MICHIGAN ’ .
(From the Departments of Medicine and Physiological Chemistry of Wayne University College of
Medicine and the Wayne County General Tospital and Infirmary)

Ix previous work® it was found- that
certain amino acid preparations obtained
by the hydrolysis of casein, when admin-
istered intravenously to human subjects,
produced a depression in voluntary food
intake, whercas a mixture of the 10 “es-
sential”? amino acids did not cause a redue-
tion in the appetite.  Also, during the
course of that study, it was observed that
if the cascin hydrolysates here adminis-
tered at relatively rapid rates, nausea and
vomiting were likely to occur.  The
observations which form the basis for this
report were made,in an attempt to deter-
mine the contributing factors responsible
for these undesirable effects.

It has been reported®® 7 that the addi-
tion of either glutamic or aspartic acid to
known amino acid mixtures, when given
intravenously to dogs, greatly reduced
the tolerance of these mixtures. Because
the mixture of amino acids developed by
Madden and Clay® and designated by
them as “VUJ”* failed to produce ano-
rexia, nausea and vomiting the likelihood
of other amino acids being responsible
was evident. Tt was decided to determine
whether the dicarboxylic amino acids
would produce nausea or vomiting when
administered intravenously to human sub-
jeets.

A test dose of 0.82 gm. of l-glutamic
acid (Merck) dissolved in 500 cc. of an
8¢ solution of “VU.J" mixture was ad-
ministered to the first 3 subjects in these
investigations. In subsequent studies
with other subjects, the amount of glu-

tamic acid was increased to 8,2 gm. dis-
solved in either 500 cc. of an 8¢ solution
of “VUJ” mixture or in water. In all
instances the glutamic acid was partially
neutralized with sodium hicarbonate to
bring the pl of the mixture approximately
to that of the original “VUJI’ mixture.
The material was steam sterilized before
administration.

Trom caleulations based on the nitrogen
content of the “VUJ" it was concluded
that 1500 ce. of “VUI” solution (3 bot-
tles) was eguivalent to about 100 gm. of
protein,  Since casein contains approxi-
mately 24.6 gm. ¢ glutamic acid,! the
amino acids derived from 100 gin. of
casein would contain about 24.6 gm. of
glutamic acid.  The dosé of 8.2 gm. of
glutamic acid per 500-ce. of 8% of “\VUJ”
mixture is the amount of glutamic acid
which would be present in the aminao acid
mixture “VUJ,” if it were derived from
casein.

dl-Aspartic acid (Merck) was adminis-
tered to all the subjects in these experi-
ments at a concentration of 2.1 gm. per
500 cc. of 8¢ “VUJ” mixture. This
amount was likewise based on the esti-
mate that casein contains 6.3% aspartic
acid.! All samples were steam sterilized
before administration. No attempt was
made to neutralize the small amount of
aspartic acid which was added to the
“VUJ” mixture.

The subjects used in this study were
ward patients and were chosen on the
basis of their willingness to codperate;

* The amino acid mixture “VUJ” contuins the 10 essential amino acids plus glyeine and 509 of its
amino acids are in racemic form. This mixture was supplied through the courtesy of Merck and Com-

pany, Inc., Rahway, N. J.
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only those mdividuals with good veins
were selected. During the course of this
work some subjects whose voluntary food
consumption was heing estimated received
3 infusions of the supplemented “VUJ”
solution per day for 3 days, while the
others received only a single infusion.  As
a control, unsupplemented “VUJ" solu-
tion was administered intravenously to
9 patients. Mozt of the subjects were
given infusions at rates approximating
16 cc. per minute. Due to technical diffi-
culties in administration, a few received
the infusions at a slower rate.

tolerated 9 doses of “VUJ” fortified with
glutamic acid without experiencing either
nausea or vomiting.  With the adininistra-
tion of this preparation occlusion of the
veins was a conmon oceurrence.  This
was probably due to the hypertonicity of
the material since the sohition used con-
tained, in addition to the 8¢, “VUI”
solution, 8.2 gm. of plutamic acid and
approximately 2 gm. of sodium bicarbo-
nate.  Five subjeets received 8.2 gm. of
partially neutralized glutamic acid  dis-
solved in water. In this group, 2 subjects
vomited and 2 became dizzy.  Of the

TaBLE 1.—THe EFFECT OF INTRAVENOUSLY ADMINISTERED GLUTAMIC ACID ON THE PRODUCTION OF
NavUseEs OoR VoMITING

' (The glutamie acid was dissolved in either 300 ce. or *VU) " or water)

Glutumic secid

Suhject In “V{iJ*»” In water Rate
No. Iiitials Sex {gn.) () (cemainl) Reaction
1 G. F.* M 0.8 16 Vomited
2 F.C.* M 0.82 17 - Nausea

3 F.oS* M 0 82 16 (i}

5.20 17 0

4 L. B.x* hY 8,20 Ax fast as 0

13

5 W.8.* M 820 * 0

6 D.O* M X, 20 - 0
7 M. B. ¥ 5.20 16 Vomited

] F. D. AYS .20 14 "

9 F. G M R.20 .. 16 U]

’ N2 16 Dizzy
10 E. B. MM 520 16 Vomited

11 ACN. M 5.20 .. 16 B

8.2 16 "

12 A8, A 5.20 . 17 0
N2 17 Vomited

13 -G. S, M 8.2 16 Dizzy

14 K. S. M L 8.2 S 0
15 G.C. M 5.20 20 Vomited

16 W.S. AV 8.20 12.5 Nausea
17. H.J. - M 8.20 12.5 H

* These subjects received 3 doses of the glutamic acid containing “VUJ " for 3 consecutive days.

Results. Glutamic acid was adminis-
tered intravenously to 17 patients. The
results of this investigation are sunnuar-
ized in Table 1. Of the 3 patients who
received 0.82 gm. of glutamic acid dis-
solved in “VUJ,” 1 vomited and another
became nauseated. Thirteen subjects were
given 82 gm. of glutamic acid dissolved
in “VUJ” and of these 5 vowmited. One
subject received both concentrations of
glutamic acid and experienced no ill-effects
with either. It is of interest.that certain
patients, such as Nos. 3, 4, 5 and 6 each

entire group of 17 subjects who received
glutamic acid dissolved in either “VUJ”
or water, 8§ vomited and 3 became nau-
seated.

The results of the administration of

“dl-aspartic acid added to 8¢, “VUJ " solu--

tion. are summarized in Table 2. In this
series 13 subjects received the test dose;
of these, 1 became flushed and 4 com-
plained of nausea.

The 8¢ “VUJ" solution alone was
administered intravenously to 9 patients.
These subjects constituted an excellent
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gomney
-

control group and together they received  tures now available for clinical use. The
a total of 41 infusions of 500 cc. each.  amounts of glutamic and aspartic acids
The rate of administration varied from  administered were derived by caleulation
. 17 to 45 ce. per ninute.  In no instance  from the data of Block and Bolling! on the
Jid vomiting occur and none of the pa- amino acid content of casein. The quan-
tients in this group complained of nausea.  tity of these dicarboxyhic acids given was

-

,m

.

3

[Pa—"

TABLE 2.--THE EFFECT oF INTRAVENOUSLY ADMINISTERED ARPARTIC Acip oN THE PRoDUCTION
0oF NatUska

{The aspartic acid, 2,16 gm., was dissolved in 500 ce. of " VUJI ™ mixture)

Subject Rate
No. Initial~ Sex (ce.min) Reactiona
4 L. B.* M S 0
r 5 W, O.* M 13 0
P 6 D. O.* ’ M 15 0
- 18 I. P, M 33 4
19 M.S. M 33 Flushed
20 G.G. M 20 Nausea
o 21 0. U. M 9 0
r 22 .. M 7 0
13 e < Tow, M 17 : Nauseau ’ .
24 B. 1. M 19 0 '
25 W, =, M n Nausea
r! 26 H. C. M 25 0

; : 27 AL G M 23 Nausen

o

* These subjects received 3 infusions of *VUJ '™ containing aspartic acid per day for 3 consecutive

»

T

days,

Discussion. The amino acid mixture
“VUJ”, which does not contain any so-
salled “non-essential 7 amino aeids other
than glyeine, can be administered at a
rapid rate without producing either nausea
or vomiting. This mixture presented an
ideal vehicle for testing in humans the
liypothesis proposed by Madden and his
co-workers*? that glitamic and aspartic
acids are the factors in protein hydroly-
sates which reduce the tolerance to these
preparations  when  administered  intra-
venously to dogs. From thie observations
which form the basis of the present report,
it appears that glutamic acid when ad-
ministered intravenously has a  definite
tendency to produce nausea and vomiting
in man. On the other hand, undesirable
reactions occur less  frequently  when
aspartic acid is administered intraven-
ously. It should lLe pointed out that a
smaller amount of aspartic acid than glu-
tamic acid was given. The reason for
selecting the doses used in these studies
was to obtain the concentrations of these
amino acids comparable to those present
in the preparations of amino acid mix-

-

considered to be that which would appear
in a casein hydrolysate  equivalent to
500 ce. of 8¢ “VUJ" mixture. It ap-
pears that glutamic acid must be admin-
istered intravenously to have an emetic
eltect. Price, Waelsch and Putnam® have
given 16 to 20 gm. of this acid orally to
epileptic patients and only 1 of their
8 cases complained of gustric symptoms.

The data presented here on human sub-
jeets are consistent in a qualitative sense
with those of Madden and associates™?
and also of Unna and Howe,” who showed
that both glutamic and aspartic acids
produced vomiting in dogs.

In 6 patients who received the “VUJ”
solution to which glutamie acid was added
the influence of this mixture upon the
amount of food voluntarily consumed
was observed. The method used in deter-
mining the influence of amino acid prepa-
rations on the voluntary food intake was
the same as that previously described.®
The quantity of glutamic acid adininis-
tered daily to 4 of these subjects was
24.6 gm. dissolved in 1500 cc. of “VUJI"
mixture. The remaining 3 patients re-
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ceived 2.4 gm. in the samme volume of
“VUJ” mixture. The resulting solution
was given intravenously in 3 equally di-
vided doses for 3 eonsecutive dayvs., One
subject received both the high and the low
levels of glutamic acid.  In 2 of the pa-
tients who received the low dose there was
a marked decrease in food consumption; |
vowited violently, the other becume uau-
seated. None of the other subjects devel-
oped either anorexia, nausca or vomiting.
Thus, it is evident that the depression in
food intake may be secondary to the ap-
pearance of nausea or vomiting.

Similar observations regarding the in-
fluence of aspartic acid upon the volun-
tary food consumption were made on 3
patients. Each of these patients receiverd
6.3 gm. of aspurtic acid dissolved in
1500 ce. of “VUI” solution.  This mix-
ture was given in 3 equally divided infu-
stons for 3 consecutive days.  None of
these patients showed either a depression
of the appetite, nausea or vomiting.

Glutamic and aspartic acids constitute
about one-third of the amino ucid content
of casein. The 2 protein hydrolysates
which are most widely employed clini-
cally use casein as the source of protein.
These products, therefore, probably have
& content of both glutamic and aspartic
acids similar to that of casein.* The
present work shows that the amino acid
mixture “VUJ” which contains no di-
carboxylic acids is better tolerated than
any of the glutamic aclds.containing pro-
tein hydrolysates. The hypothesis that
glutamic acid and possibly aspartic acid
are responsible for the nausea and vomiting
in man when protein hyvdrolysates are
given intravenously is supported by the

evidence presented in this report. At the
present time, however, the possibility of
other factors contributing to the undesir-
able reactions cunnot be excluded. Mark-
ed flushing, a common complaint due to
rapid intravenous administration of pro-
tein hydrolysates, wus not noted in the
patients who received these dicarboxylie
amino acid solutions. This undesirable
symptom is probably not due to glutamic
and aspartie acids.

It is known that psychologic influences
are important factors to consider in
evaluating the possible emetice effect of a
given substuance. In all this work the
patients were told that the infusion was
part of their general routine therapy and
they accepted it as such.  No leading
questions or undue attention was expressed
during the procedure.  Thix eliminates to
a lurge degree the possibilivy of psychic
factors causing the nausea or vomiting.

Summary and Conclusions. When glu-
tamie acid dissolved in either the amino
acid mixture “VUJ"” or water was admin-
istered intravenously, nausea or vomiting
occurred in 11 out of 17 individuals.
Two additional subjeets became dizzy.

Aspartic acid was administered under
similar conditions to 13 subjeets and
nausea or vomiting occurred i 4. When
the amino acid mixture “VUJ " alone was
administered to 9 patients, no undesirable
cffects occurred.

The probability of the dicarboxylic
amino acids belng responsible for the
decreased tolerunce of ecasein hydrolysates
is supported by the evidence presented in
this study. However, the possibility of
other factors producing nausea and vomit-
ing cannot be excluded.

* “Iu ‘Parenamine’ the approximate value of glutamic acid is 249 and of aspartie acid 65, which

is the percentage of these non-essential umine acids in casein.” This information was supplied by |

Earl L. Burbidge, M.D., Frederick Stearus & Co., Inc., Detroit, Mich.

. No analytic values for glutamic and aspartie acids in

Amigen” are available according to personal

communication from Warren M. Cox, Jr., Pu.D., at Mead Johnson & Co., Evansville, Ind.
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THE EFFECT OF ORALLY AND INTRAVENOUSLY ADMINIS-
TERED AMINO ACID MINTURES ON VOLUNTARY FOOD
CONSUMPTION IN NORMAL MEN

by CHARLLY J. SMYTH, ANDREW . LASICHAK, anp STANLEY LEVEY

(From the Department of Medicine of IV ayne University Colleye of Medicine, Detroit and the
Wayne County General Hospital and Infirmary, Eloise, Michigan)

(Reccived for publication November, 20, 1946)

Intravenous and oral protein alimentation using
hydrolysates of casein for treatment and preven-
i of protein deficiency states is receiving in-
rewsing recognition. 1Iimphasis has heen centered
iround nitrogen metabolism in such surgical con-
ditions as shock (1), burns (2), blood loss (3,
1), wound healing (5, 6, 7), convalescence (8,93,
nd postoperative infectinns (10, 11). Numerous
mvestipations (12 to 15) have shown that posi-
live: nitrogen balance can be maintained for short
riuds of time in patients receiving intravenous
mino acid mixtures as the only source of pro-
trin. - Another of the major indications for par-
futeral nitrogen feedings is in patients with de-

bilitating diseases who are unable or unwilling to

tube adequate food by mouth.  In such cases the
“in is to supplement the oral nitrogen intake hy
the wie of intravenous protein hydrolysates to pro-
W for the restoration of depleted protein re-
w:ves and the daily protein requirements,

Dring the course of previous investigations in
this hospital it was ohserved that individuals who
feceived intravenous injections of an acid hydroly-
Me of casein (“Parenamine”) failed to cat the
furmal amount of {ood at the subsequent meat and

iy complained of loss of appetite.  Reports of

e wecurrence of nausea, vomiting and anorexia

wuxiated with the administration of protein hy-
dnlysates are common (12, 16-23). The symp-
s of intolerance to these preparations occur
huit frequently upon rapid injection and consti-
fite une of the disadvantages to their practical use.

Sinee nausea, vomiting, and anorexia following
the infusion of protein digests might result in a
derease in food intake, the advantages offered
by intravenous alimentation could thus be offset
by 4 decrease in the consumption of food. The
present investigation was undertaken to determine
t what extent the administration of solutions of

tary food intake in normal individuals. Studies

- were also carried out on the relationship of the

rate of injection of amino acid mixtures to the
occurrence of anorexia, nausea, and voniiting.

EXPFERIMENTAL

Eight normal healthy adult males and 1 patient with
portal cirrhosis were chosen for this study. They were
permitted to be ambulatory except for the time required
to complete the infusions, Each subject was offered a
standard dict which supplicd 3,544 calories. 1t contained
approximately 135 grams of protein, 180 grams fat and
347 grams carboliydrate.  Fach item of uneaten food was
weighed and the amount consumed was caleulated as the
difference between the weight of food offered and the
weight of that returned.  The items in the diet were varied
to permit some choice. From the weight of the food con-
sumed it was possible to caleulate by the use of standard
reference tables (24) the total calories and the amount
of fat, carbobydrate, and protein consumed each day.

The general plan of the study was to keep the subject
on the dict for a few days, then give amino acid prepara-
tions either orally or intravenously along with the diet,
and note any effect on the food consumption. The days
during which added protein was given will be referred
1o in this report as the erperimental period: it lasted from
3 to 7 successive days when the supplemental protein was
given orally and from 3 to 6 successive days, usually 3,
when it was given intravenously.  The subjects were un-
der continuous observation for from 21 to 35 days. Each
individual was studicd for at least 2 experimental periods
cach of which was preceded and followed by control pe-
riods of not less than 3 days. Three amino acid prepara-
tions were used aud they will be designated mixture I, 11,
and HI.1

} Mixture I is an enzymic digest of casein and pork
pancreas and is marketed under the trade name “Amigen,”
Mead Johnson and Co. Mixture II is an acid hydrolysate
of cascin to which tryptopbane is added. It is marketed
as “Parenamine” and was supplied through the courtesy of
Frederick Stearns and Co. Mixture III is a synthetic
amino acid mixture containing the ten essential amino
acids to which glycine is added. The amounts used were
suggested by Madden, S. C, and Clay, W. A, (J. Exper.
Med,, 1945, 82, 65) and refcerred to by them as mixture

“VUJ."” It was supplied through the courtesy of Merck .
i acid mixtures would influence the volun-  and Co. :
] Clie . Lradh
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The sequence of amino acid mixtures used during the
successive experimental periods was varied, as shown in
Figures 1A, 1B and 2. Two subjects received only one of
the mixtures, 7 subjects received 2 mixtures, and 2 of the
subjects also received a 10 per cent glucose solution and
physiological saline solution interspersed with the solutions
of amino acid mixtures in order to obtain information on
the effect that these solutions had on the food consumption
(Figure 1B). In 4 subjects the effect of using casein
hydrolysates by the oral route was investigated for 5
experimental periods and in these studics only mixture 1
was used.

The amount of mixtures given on each experimental

day was equivalent to 100 grams of protein.2 The volumie

of the solution administered daily was 1,440 ml. given in
three 480-ml. infusions following each mecal. Care was
taken to arrange infusions so that they would not inter-
fere with meals. The final concentration of amino acid
mixture I and 1I was 8.3 per cent and of mixture TII, 8
per cent. The speed of the infusions was purposely varied
so that the 480 ml. of fluid was delivered in from 60 to
180 minutes. The rate of protein administration, there-
fore, varied from 13 grams to 40 grams per hour (Table
D).
RESULTS

The results of the influence of oral and intra-
venous protein supplemental feedings on the
amount of food voluntarily consumed during all
of the control and experimental periods are sum-
marized on Table I and TFigures 1A, 1B, and 2.

It can be seen that during the control period when

the only source of food was the basal dict, the
daily caloric intake remained relatively constant
in all subjects. It is also evident that when amino
acid Mixture I was given by mouth as the supple-
mental feeding (Figure 1A) there was little effect
on the amount of food eaten. These changes, ex-
pressed as calories consumed per day, are inter-
preted as not being significant.  Five subjects re-
ceived amino acid Mixture I parenterally, and, of
these, 4 had little or no depression of the caloric
intake. The one patient in whom a depression of
appetite occurred (Case No. 2, Figure 1A), had
an intake of 67 per cent of the basic control dict.
In sharp contrast are the results which occurred
in all 7 subjects who received amino acid Mixture
I1 by the intravenous route. There was a constant
reduction in the food voluntarily consumed; the
average fall was to 61 per cent of the normal con-

2 The total nitrogen of cach amino acid mixture, based
on the data supplied by the manufacturer, was multiplicd
by 6.25 to give the equivalent of the number of grams of
protein.
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TABLE I

The effect of amino acid preparations on voluntary

Jood consumption

Aver-

azcl

Pa- D total
(ie::xt Initials Period of study oany. -u‘l?i'c
no. study m:_;l.c'
day

1 |]G.S Control 16 | 3,227
Preparation | orally 9 13,313

2 181 Control 34 {2,257
Preparation I orally 7 |2455

Preparation 1 L.V, 10 [ 1,523

Preparation 11 1.V, 3 833

Saline I.V. 3 | 1,948

10 per cent Glucose 312,239

LV.

3 1 H.W. | Cuntrol 17 | 2,783
Preparation I orally 5 12,612

Preparation 1 LV, 3 {2,401

Preparation 11 L.V, 3| 1,693

4 1J].B Control 22 | 1,807
Preparation [ orally 5 | 1,805

Preparation I 1.V, .3 ] 1,629

Preparation II L.V, 3 793

S |W. M Control 24 | 2,489
Preparation [ LV. 6 | 2,249

Preparation 11 LV, 4 11,493

Saline 1.V. 3 12,285

. 10 per cent Glucose 3 12,829

LV.

6 {E.G. | Control 18 | 2,073
Preparation IT LV, 4 | 1,600

Preparation 11 LV, 4 | 1,241

71F.8 Control 13 | 3,061
Preparation 11 L.V, 341,907

Preparation 11 L V. 3 | 3,089

8 |G.E.F) Control 18 12,402
Preparation HT LV, 312,706

Preparation 11 1.V, 3 ] 2,081

9 1G.C Control 23 | 3,211
Preparation I LV, 3 {3,203

Preparation 11 1.V, 3 j2,m

Fod
e
sump
tisn,
)l
cent
of
erntrd

103.4

1948
61
34
863
919

%e.4
Gy

/N
95
414

907
.1
VIR
1141

112

014
[

1121
K14

4
24

sumption with variations ranging from 37.8 pu
cent to 87 per cent (Table II). This reductis
occurred in cach of 2 experimental periods in |
subject (Patient 9, Figure 2) when he was givy,

this preparation.

The same results followed e

giving of this solution irrespective of whether it
usc preceded or followed the other 2 mixtures,
Amino acid Mixture I11 was administered to?
men (Patients 6, 7, and 8, Figure 2) and no mea,
urable change of food consumption occurred dur

ing or following the preparation. Ten per cenl

glucose and physiological saline infusions wer

934,
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ven to 2 individuals and the results are shown
mFigure 1B, These 2 conmonly employed solu-
s produced little effect upon the appetite of
these men. '

In many experimental periods, notably with pa-
lients Nois. 2, 4, 5, 6, and 7, there occurred a step-
vise depression of food consumption with cach
dditional day during the infusion of supple-
tsutary protein,  In some instances this progres-
it depression extended into the first or even the
viind day of the following control period. This
Umdency toward a progressive loss of appetite on
e Jast days of the experimental periods and a lag
*7 verlap into the subsequent control period was
rticularly notable with the use of Mixture II;

b 1B, Errect or THE INTRAVENOUS ADMINISTRATION oF AMiNo Acio Mixtures 1 axp IT vroN THE VoL-
“itary Fooy INTARE, COMPARED WITH THE INTRAVENOUS ABMINISTRATION OF Prvysionocicar. SaLing axp TeN

it occurred to a lesser degree with Mixture I, and
was not observed with Mixture ITL

It was observed that an important factor which
influenced the consumption of foed in these sub-
jects was the reactions occurring with or soon after
the subject received the amino acid mixture. In
the case of amino acid Mixture ITI no reactions
occurred, hut Mixture Il produced nausea and
voniting in many of the subjects.  Another impor-
tant complaint of the persons receiving the latter
preparation was a burning sensation in the arm
while receiving the mixture. The burning ex-
tended up the arm along the vein to the axilla and
was occasionally followed by thrombophlebitis.
The thrombosis and pain in the arms made pro-
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_PATIENT CALORIES DAY OF EXPERIMENT CALORIES
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Fre. 2. Erreet oF INTRAVENOUS ADMINISTRATION OF Aming Acip MIXTUKES L I axe 111 veos 1oE Vo
TARY Foon INTAKE

longed administration of this mixture difficult.
The depression of appetite as reflected i the de-
creased food intake was not directly related to the
presence or absence of the venous thrombhosis he-
cause the depression occurred in subjects in whom
no vein lesions developed, but the associated pain
probably contributed to the poor appetite to some

extent. Some of the men complained that after
receiving any of these preparations they had
unpleasant taste that was similar to the smell of
the casein digest.  This peculiar taste was reported
by-a number of patients and remained for a few
days after the administration of the mwmino acidy
stopped. ‘

TABLE 11
Effects of rates of intravenous administration of amino preparation on volunlary food consumption

Amino acid mixture I Amino acid- mixture 1 Anino acid mixture 11
H - “hange “han
P.nt::m Initials . E,h?::dc Nausea f;\h?:fﬁlf Nausca f;: fo«:z(f Nauwme
Rate protein intake, or, Rate protein intake, or Rate protein intake, T
per cent vomit- . per cent | vomit- per cant | vomit.
of ing of ing of ing
‘control control control
grams ml. per grams ml. per grams ml, per
per hr. min. per hr. misr. per hr. min,
2 S.T. 13 3.2 -23 N 15 3.7 -063 \%
3 H. Vv, 40 10.0 -~10 * 26 6.5 -~ 37 \%
4 1. B. 22 5.5 - 10 * 21 5.3 ~57 *
s W. M. 24 6.2 -12 * 24 6.2 -39 \Y
6 E. G, 30 7.6 —-23 *
14 3.5 —40 A\
7 F. S. - 18 4.5 - 38 \% 22 5.5 0 0
8 G.E.F 27 6.7 —-13 \Y 40 10.0 +12 0
9 G. C. 32 8.0 0 0 26 6.5 ~15 0

* Information incomplete.
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" The results-of the studics of the relationship of
tte of infusion to the food consumption during
mtravenous protein feedings are summarized in
Table 11 Some of the peculiarities involved in

- the rate of administration of these products can be
#en in the data derived from patient 1. W, {No.
8. Prepuration T was given at an average rate
tjuivalent to 40 grams per hour with no il cffects,
thile Preparation 11 caused a marked depression
i food consumption when given at an average rate
% 26 grams of protein per hour. Patient J. B.
fllo.4) received both Mixtures I and 11 at almost
Feutical rates. In this case the drop in calorics’
“numed per day occurred only with the latter
mixture. An unusual effect is presented by pa-
et 1. G, (No. 93 who received Mixture I o 2
lifferent experimental periods of 3 days cach.
Vhe rate was 30 grams per hour during the first

" priod znd only slight step-wise depression of the

|
i
i
'
;

[ O U —

sl fond consumed resulted. At the second ex-
wrimetal period the rate of infusion was approxi-
mately 1, that of the first period (14.5 grams per
bur) and on this occasion this’ sane mixture
tmad @ pronounced fall in the amount of food
e, Mixture 111 did not cause any change in
P appetite as judged by the amount of food
opaimed, and the rate of its infusion was com-

TABLE

Effect of intravenous amino acid therapy on the ratio
Ratio of protein: fut: carbohydrate o

e S —.

parable to or faster than those used with the other
mixtures.

In these cases where there was some reduction
in the voluntary intake after the giving of amino
acid digests, the question of selective reduction of
any one of the major foodstutfs was investigated.
The amount of fat, carbohydrate, and protein eaten
by cach subject was calculated and expressed as
the ratio of Protein: Fat: Carbohydrate, "Table
ITI is a summary of some of these ratios. There
appears to be no constant decrease in consumption
of any given class of foodstuffs after amino acid
therapy. Variations in the ratios appcar, but no
trend i1s evident. In other words, when these indi-
viduals cut down on eating they did not tend to
avoid selectively the high protein foods and to eat
only foods high in carbohydrates or fats.

DISCUSSION

Co Tui (9) has pointed out that one of the
miajor drawbacks to the clinical use of casein hy-
drolysates for intravenous protein feedings is the
difficulty in giving enough to supply the nitrogen
and caloric needs.  This is particuluarly true if it
is desired to give large amounts of protein build-
ing materials,  Llman (25), in presenting a ré-
gime for intravenous alimentation of patients suf-

HI

of protein: ful: carbohydrate voluntarily consumed
{ stundard diet otfered 1:1.32:2.56

PL no. i 2 3 ] H 6 7 8 9
P, initials G.S. S T. T J. B. w. M. E. G. IS G.E. K. G. <.
Fat:CHO* | Fat:CHO Fat: CHO Fal: CH10) Fat:ClHIO Fat:C11O Fau: CHO Fat:CHO Fat:CHO
Contes) 1.63:2.55 | 1.38:2.50 1 1.77:3.00 | 1.36:3.06 | 1.34:1.94
Iedaminoucid 11 1.39:3.03 1 1.20:2.45 | 1.54:2.80 | 1.42:3.22 | 1.43:1.66
Urmitrol 1.44:2.60 [ 1.25:2,5811.54:2,73 1 1.47:3.22 | 1.61:1.68
'walamingacid 1| 1.49:2.606
Contro) 1.51:2.99 .
EY, atmning acid | 1.32:2.66 | 1.56:3.13 | 1.57:3.90
(ot 1.37:2.50 1 1.61:2,98 | 1.47:3.22
I.V.aminoacid | 1.77:3.70
ity 1.33:2.49 .
LV, phys. saline 1.28:2.28 1.30:1.70 |
sidrof 1.35:2.42 1.34:1.79
LY. 10 per cent 1.52:2.95 1.64:1.83
duonme :
Introl 1.56:3.20 1.40:1.68 | 1.47:3.63
LY. amino 1.52:1.76 | 1.92:3.551 1.84:5.35 1 2.60:2.54 | 1.51:3.75
aid I
Cimtrol 1.55:3.50 1.80:4.00 | 1.16:2.80 1.39:3.17 | 1.13:2.43
Y. amino v 1.13:2.40 1 1.38:3.03 { 1.15:2.05
wid 111

* Figures in the table are fat: ca

rbohydrate ratio, protein = 1.
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fering from severe protein deficiency, advised the
giving of both amino acids and glucose. The sum
of the volumes of solutions given per 24-hour pe-
riod amounted to 3,000 ml., and the total caloric
intake was only 1,200 calories, an amount which
usually would not be sufficient for a normal subject
to maintain his weight. In this investigation the
daily dose of the equivalent of 100 grams of pro-
tein was arbitrarily chosen because it was consid-
ered an amount adequate to provide the generally
recomumended allowance of 1 gram of protein per
kilogram of body weight and a margin to replace
depleted protein reserves.

A practical consideration in giving intravenous
protein supplements is to employ a method that
will not interfere with the patient’s daily food in-
take. In this study 3 injections were given daily,
and the individual infusions were completed in
not more than 3 hours. l.onger infusions were
constdered inadvisable from’ the standpoint of
comijort to the patient and because the presence of
the needle in the vein was a factor which mechani-
cally interfered with the eating of the regular
meals. The rates used with Mixture I and 11 ex-
ceeded those usually recommended.  Mixtare HI
was frequently given at rates twice those used
with the casein digests. The data regarding the
rate of infusion in the present study do not permit
any final conclusions.

One of the requirements for an acceptable intra-
venous preparation is that it must be injectable in
adequate amounts without producing nausea,
vomiting, or other unpleasant reactions. The
relationship of reactions which occurred during or
following the infusions to the depression of the
appetite is a matter of great practical importance.
The one constant finding was that, of the 3 mix-
tures used, the greatest impairment in the appe-
tite occurred during those experimental periods
when Mixture IT was given. However, it is note-
worthy that none of the subjects given Mixture 11T
had any side-effects, and in this same group no
significant reduction in the consumption of food
was observed. When these same patients re-

ceived Mixture II impairment of the appetite

occurred. .

At the present time there is no satisfactory ex-
planation for the occurrence of nausea and vomit-
ing. Albanese (26) questioned if these toxic ef-

fects were due to unnatural isomers of certai
amino acids which cannot be utilized by the humay
body. Hopps (27) suggests that the presence of
some histamine-like substances, peptones or ty
ramine as agents may explain the frequently o,
served reactions of flushing, sensation of warmth,
and nausca; hut he gives no experimental data t,
support these ideas. Madden and associates (22,
have shown that both glutamic and aspartic acids
when added to a mixture of pure amino acids will
cause violent vomiting in dogs. The cffeat of
these 2 amino acids upon the voluntary food con.
sumption and as a factor causing emesis in human,
is being investigated and will Le repnrted in 3
separate conmmunication.  Hoffman, Kozall, und
Osgood (28) have presented evidence that the
height of the amino acid nitrogen content of the
blood is probably the factor responsible for pry
ducing nausca.  They found that if the rate
sufficiently rapid to get a blood amino acid nitry
gen value of 10 mgm. per cent or greater, nae
will result. These studies were carried out using
Mixture 11, Hecht (21), using Mixture 11, Ly,
suggested that perhaps the rapidity of the rise of
the amino acid blood levels and not the actuy
levels themselves were responsible for the side
cffects. . ‘

The progressive step-wise reduction in the
amount of food voluntarily consumed during the
succeeding days of the experimental periods oc-
curred with such regularity, particularly wilh
Mixture I1, that it nmst be considered more thay
a chauce oceurrence. The overlap into the subse-
quent first and sccond days of the control period
and the gradual recovery were the usual findings
in these cases. At present there is no explanatioy
for this occurrence.

These studies raise the question as to whether
the advantages of giving large doses of aming
acid mixtures intravenously are offset by in-
creased urinary nitrogen “wastage” which would
be expected to accompany the rapid rates of infu-
sion.  In the search for a more acceptable prepara-
tion for intravenous use, this important point will
require investigation.

SUMMARY

The effect of the oral and intravenous adminis-
tration of mixtures of amino acids on the volun-
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tary food consumption in normal human subjects
was studied.  Three preparations were used: an
mzymic hydrolysate of cascin (1), an acid hy-
drolysate of casein (11}, and a mixture of the 10
meential amino acids plus glycine (111). The en-
zymic digest had little effect on the appetite
whether it was given orally or intravenously. FThe
acid hydrolysate of casein consistently produced
4 marked depression in the voluntary food con-
semption during and following its intravenous
shninistration.  The mixture of the essential
aminy acids had no depressing effect on the appe-
tite, This product was the best tolerated of the
3 tested and could be given at exccedingly rapid
rates without any ill effects. When there was re-
deetion in the amount of food ecaten, it consisted
of a general lack of interest in food rather than a
wleetive rejection of a certain class of foodstuff.
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ABSTRACT

A varicty of different protein sources arve used in infant formulas,
including protein hydrolysates. The casein hydrolysates used in certain
products contain large amounts of free glutamate and aspartate. Serum free
amino zcid levels wvere measuxod two hours posfprandially in one-month-old
infants fed a conventiconal cow's milk-based forrula and a cascin
hydrolysate-based foruula to determine the effect of the difference in
protein source, and to deterwine the visk of neurotoxic effects reported
to occur in othe * species after ingestion of high levels of glutamate
and aspartate. A.though significant differences were noted in serum
proline, hydroxpro ine, alanine, leucine, isoleucine, valine and lysine
levels, glutanate and aspartate lovels were within normal limits for both
groups.

INTRODUCTION

A number of different protein or hydrolyzed protein sources are used
as protein bases for infant formulas, and infants fed adequate amounts of
these formulas grow normally. Although the changes occurring in plasma
amino acid levels in term (1) and prewmiature (2) infants fed varying amounts
of the same protein source have been decumented, little data are available
concerning the effect of variations in the protein source itself on plaswma
amino acid levels in young infants. Casein hydrolysates are used as the
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protein source of several infant formulas such as Nutramigeng and
LofenalacB (Mead Tohasoni and contain large amounts of glutamate (22% of
total) and aspartate (3 The amino acids are present largely in free

forn in such formulas., and a nunber of investigators have expressed the
concern that the free glutamate may be readily absorbed by the infant
ingesting such fornmulas, with subsequent elevation of plasnma glutanate,
resulting in neurotoxic c¢f{fects similar to thosec occurring in other species
after ingestion of higt tevels of glutamate and aspartate. :

o
A pumber of investipators reported that suckling mice ana rabbits

injected with monosodfum glutamate or aspartate (250 wg/kg body weight) -
deve.oped acute and 1irreversable rerinal lesions (4-9 ). Adult mice

vere much more resistapt to glutamate—ghdu-ed lesivns than newt.ri

animals (7), anc glutamate injection uf pregnant mice produced no observ-
able abrormalits.~ iun the offsprirg (7). Olney and his collaborators
(9-12) have reported that rhe arcuate nucleus of the hypothalamic regien
is particularly vulnerable to ¥5u-induced damage in the infant nouse, rat,
rabbit and a single immature rhesus wonkev when injected subcutancously

at doses ranging from 0.5 to 2.0 grn/kg body welght. Adawo and Ratner (13)
were wmable to duplicate these effects in the infant rat, although Arces
and Hayer (14) report occurrance of the lesions in adult rats injected
with large doses of monosodium glutamate. Olney and Ko (12) recently
reported the davelopmont of hypothalainic lesions ivn infant mice after oral
fnpestion of 3 ga/kyg body weight glutamate, aspartate, or cysteine. Thus,
lesions resuelt both from oral ingestion and subcutancous tnjection.

Although the human Infant at birth is 2 rore wature organism than
the suckijug mouse or rabbit, and the single primate study reported by
Olney fnvolved an Irmatuvre aninal injerted with on extremely high level
of monosodivu glutamate (1), these results have rightly led to questions
regarding the safety of wonosodium glutamate as a food additive, and of
infant foods which contain large amounts of glutamate. We have measured
plasma and serum amino acid levels two hours pestprandially in one-month-
old infaats fed eitner a cov's milk protein-based forrula or a casein
hydrolysate-based foraula in en effort to evaluate the risk to hutan
infants from ingestion of glutamate-rich casecin hydrolysate-based formulas,
Althouvgh rost studies investigating the eifect of diet on plasma amino
acid levels utilize fasting samples, we wished to determine the nmaximum
elevation of plasma amino acid levels after ingestion of the glutamate
load. Thus a better eveluation is obtained at the time of maximal
absorption, approximately two hours postprandially.

: SUBJECTS

The subjects were enrolled in a study being carried out in the
University of Jowa Tediatric Metabolism Unit, relating the effect of diet
to body composition of normal human infants. The infants studied were
between 28 to 33 days of ase, and had been fed the designated forroulas
ad libitum (providing 67 kcal./100 wl.) at four liour intervals since birth.
The selection of infants and the operation of the unit have been descrited
in detail elsevhere (15).
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METHODS

Infants of the control group were fed a conventional cow's milk
protein-based formulnz, and the test group NutramigenE (Mead Johnson).
Blocd samples vere drawn approximately 2 hours postprandially, at the same
tine of day (1 P.M.) te minimize circadian rhythm effects. The chilled
specimen was centrifuged, the serum rewoved and frozen at -50°. The
samples were immediately deproteinized wvhen transfered to our laboratory
with solid sulfosalicylic acid (16), and the deproteinized sera stored at
~70° until assayed. Since cystine is lost ip serum samples, plasma samples
were obtained from two additional Nutramigen——fed infants to evaluate the
effect of the formula on this amino acid. .

Amino acid analyses were carried out on Technicon NC-1 Amino Acid
-Analyzers using the buffer system deseribed by Efron (16}, and the
automatic temperature control system developed in this laboratory (17).

.

RESULTS

Serum free amino acid levels, reported as micromoles per 100 wl., are
shown in Table 1. Yo significant elevaticn of serum glutamate orv
aspartate levels yere noted, although glutamine was significantly lower
dn the Nutramizen®-fed group. Serun glutamate levels in both groups were
slightly greater than the postprandial plasma glutemate levels we have
reported earlier for the young iunfant (18). This is to he ewpected since
some conversion of glutamine to glutamate and pyrrelidone carboxyiic acid
takes place in frozen sera unless samples are deproteinized dmmediately
(19;20), a condition not possible to accomplish since the sauples were
originally collected for ancther study and had bcen stored a short tine
at -50° without deproteirization. In addition, cysteine and cystine
levels are not reliabie in sera since these amino acids are lost both
during the clotting process and upon storage-in the presence of serum
proteins (19,20). FPlasima amino acid levels were measured in two
additional control infants and Nutramigen™-fed infants to check these
levels. Plasme glutanate levels averaged 7 micromoles per 100 ml. and
plasma % cystipe levels averaged 9 nicrowoles peor 100 ml. in both control
and Nutramigen™-fed infants. These data indicate that -serum glutanate -
and glutanmine levels are not elevated postprandially in Nutramigenﬁ_fed
infants, although significant differences in the concentrations of
several other amino acids (hvdrowyproline, proline, alarine, valine,
isoleucine, leucine and lysine) werc noted.

DISCUSSION

’

" Pespite the relatively large amount of free glutamate (227) present
in the casein hydrolysate-based formula, serum glutesine and plutamate

. . R
2 The {ormula used was 3215 A (Mead Jehnson). This is the basic Fnfamil-
formula with 80% corn oil and 20% coconut oil as the fat source.

wn
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TABLE X
Postprandial Serum Amino Acid Levels in Young Infants Fed Cow's Milk
Protein or Casein Hydrolysate-Based Formulas .
Protein Base s

Amino Acid cow's milk casein hydrolysate t P

n= 24 n=_§

*
micromoles per 100 ml
-~

3} Y “") ~y o~y Y T Y Y 77?15:’3"1 -y

Tanrine 1.4 4 4.57 10.2 + 3,07 0.67 0.5
Hylroxyproline 9.99 + 2,81 5.36 + 2.06 4.1 <0.002
Aspartate 1.39 + 1.19° 2.08 4+ 1.49 1.3 0.2
Threonine 20.1 % 3.9§ 23.4 + 6.69 1.6 0.1
Serine + Asparagine 24.0 1 4.71 27.6 + 5.87 1.6 0.1
Glutamnine 63.3 + 7.61 56.2 + 6.01 2.3 0.03
Glutamate 9.8 + 2,80 JO.1 4 2.07 0.27 0.8
Proline 29.5 + 6.84  39.8 + 6.41 3.6 0.002
Citrulline 3.50,+ 1.07 3.63 + 0.€9 . 0.27 0.8
Clycine 34,2 + 4.87  35.6 + 8.14 0.59 0.6
Alanine 53.2 +12.7 69.9 $10.3 3.2 0.002
a-Aminobutyric 2,05 + 0.42 2.16 + 0.38 0.68 0.5
Valine 29,2 45.99  40.2 + 8.13 3.9 0.002
3 Cystine e - 7 - -
Methionine T 4,36 + 1.01 5.70 4 1.28 2.9 0.01
Isolecucine 9.36 + 1.70 13.3 4 1.76 5.0 <0.002
-~ ) Leucine 19.3 4 3.38 24,1 + 2.34 3.6 0.002
{ Tyrosine 1.5 + 2.81 9.46 + 1.96 1.8 0.07
Phenylalanine 0.3 4 1.48  10.7 + 1.56 0.56 0.6
, Lysine 25.5 + 5.11  35.4 + 4.88 4.6 <0. 002
r Ornfthine 16.5 + 4.74  17.6 + 3.34 0.50 0.6
S Histidine 13.1 4 1.67 14,0 + 2.45 1.1 0.3
~ Arglatnd 13.6 + 4.73  16.5 * 5.43 1.4 0.2

P

.S - -’

)

...
4

* .
Expressed as mean 4+ 1 standard deviation

*k X
Cystine cennot be determined in serusn samples
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levels are not clevated. The decrease in glutamine levels in NutramigenB-fcd
infants may reflect the high intake of glutamate however, since similar
decreases in plasza glutamine bave been noted after ingestion of a glutamate
Yoad (21). If a substantial overload of glutamate had occurred, a marked
increase in serum glutamate would be anticipated. Mclaughlar et_al. (21)
report glutamate levels were increased 3 to 3.5 fold and asparfate‘levels
doubled at peak absorption after ingestion of 0.2 gn/kg body weight mono--
sodium plutamete by the young rat. We have noted similar effects in the
nevborn pig and vonkey after a monosodium glutanmate load, and have found
that maximal levels occur approximately 2 hours after ingestion i{ mono-
sodium glutarate is administered in an infant formula (22). Our studies
(22) wicth the newborn pig and monkey indicate that large plasma glutamate
elevations (100 to 200 Lmoles per 100 ml.) cccur when the animals are loaded
with the large doses of monosodiun glutamate used by Olney and his
collaborators (9-12). Thus, the free glutamate in these formulas presents
ne threat to the young infant. =

The significantly increased serum alanine levels in Nutramigan—fed
infants may alco reflect the glutamate content of the formula. Wiseman and
his collaborazters (23-25) have reported that substantial quantities of
ingested glutarate ray be absorbed as alanime. - It secms likely that ‘this
alanine is for:ed by a glutamate-dependent transamination of pyruvate, the
pyruvate being forued either from carbohydrate via glycolyvsis, or frow

glutamate itself after transzmination via Kreb's cycle enzyumes (a-keto- |

glutarate -» succinyl-coenzvme A, furarate, -->malate), and cenversion of
the malate forived to pyruvate via the nicotinamide adenine dinuclecotide
plhiosphate malate dchydrogenase.

Although Suyderman et al. (1) have reported that proline and branched
chain plaswa anino acid concentrations arce increased with increased
protein intake in the infant, the increased valine, iscleucinz and leucine
levels in Nutrazigen™fed infants are likely not caused by the slightly n
increased protein content of the casein hyvdrolysate~based formula r
(2.2 vs 1.5 £4/100 nl). Plaswe amino acid levels in infants fed soy ’
protein-based foruulas containing 2 ga/100 nl protein closely veseuwble
those of our contrel group (26). Soyderman et al. (I) have also studied
the effect of a rospletely synthetic diet, the protein mofety of which was
a mixture of 18 L-aminc acids, on plasma amino acid levels. At similar
protein levels, the plasna amiro acid levels of infants fed the synthetic
diet ¢1d not differ substantially froa those in infants fed a2 conventional
cow's nilk protein~based formula. However, it should be peinted out that
these authors measured plasma amino acid levels 4-5 hours postprandially,
thus the inflvence of diet was largely lost. Due to technlcai reasons,
these authors were uncble to calculate glutamine and glutamate values in
their samples, and the affect of glutamate levels in the amimo 2cid
mixture on plasma glutanime and glutamate levels is not known. Thus, the
decreased level of hydroxyproline, and increased levels of valine, iso-
leucine, leucine, alaninc, lysine and proline reflect the composition of
the- casein hydrolysate formula, and indicate that the proteia source has
a substantial influence on plasna ewrino acid levels postprandially.
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Spread of Iontophoretically Injected Ions in a Tissue

JANETT TRUBATCH AND A. VAN HARREVELDT

California Institute of Technology, Division of Biology,
Pasadena, California 91109, U.S.A4.

(Received 21 June 1971, and in revised form 15 October 1971)

¢ Equations were developed for the spread of ions iontophoretically injected
into a tissue, on the assumption that the material is transported by
electrical forces. Corrections were made for the uptake by cellular
clements and blood vessels of the injected material which tends to move
through the extracellutar spaces. The predictions made from these
equations agreed with the dimensions “of tissue changes produced in the
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) {-’\ rat's cerebral cortex by the iontophoretic injection of glutamate.
-
¢
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1. Introduction

The clectrophoretic injection of ions into .tissues through micropipettes,

first employed by Nastuk (1953), has been a useful tool in physiological

investigations. The material thus released has been assumed to remain well
H localized, and the amount to be proportional to the applied current
t: (Zicglginsberger, Herz & Teschemacher, 1969). Thercfore it has been

' considered possible to evaluate the effects of the electrophoretic injection -

p= ' of various substances on single cells. This method has been used on spinal
neurons by Curtis & Eccles (1958) and by Curtis, Phillis & Watkins (1959,
1960), on brain stem nerve cells by Curtis & Koizumi (1961) and on neurons
in the cerebral cortex by Krnjevic & Phillis (1963). Attempts to evaluate
. . the actual amount of ions released have been made by Krnjevic, Mitchell &
o : Szerb (1963), and by Obata, Takeda & Shinozaki (1970), the former using

an assay of acetylcholine and the latter a radioisotope technique. Curtis,
& ! Perrin & Watkins (1960) calculated the concentration as a function of distance
from the microelectrode in a theoretical model based on the assumption
that the ions move through the medium by diffusion only. Herz,
Zieglginsberger & Firber (1969) applied a similar model to their study

+ From the Kerckhoff Laboratories of the Biological Sciences, California Institute of
Technology, Pasadena, California 91109, U.S.A. This investigation was supported in part
by a grant of the National Science Foundation (GB 6698) and by a grant from the US
"Public Health Service (NS 09493).
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of the distribution of iontophoretically injected glutamate and y-amino-
butyric acid in brain tissue. The concept that electrophoretically injected
ions move through the tissue by electrical forces will be considered in the
present paper as an alternate possibility. The observation of Van Harreveld
& Fifkova (1971) that the injection of glutamate in the cerebral cortex
causes well defined morphological changes in the tissue offered an oppor-

tunity to test experimentally a mathematical model based on the latter
assumption,

2. Evaluation of the Area vaered by Electrophoretically Released Ions

In the experimental arrangement under consideration a potential difference
is established between a micropipette filled with the compound and an
indifferent electrode sufficiently far away so that the electric field established
may be assumed to be spherically symmetrical. The tissue is assumed to be
a uniform and isotropic medium (Ranck, 1963) in which the applied voltage
causes a spherically symmetrical current field, which carries the ions under
consideration from the micropipette into the surrounding tissue. The total
value of the current is the sum of jts component parts

I= Y 41, W

where i =1, ... n denotes the different ions and t; is the transference
number, or the fraction of the current carried by the jth ion.
The microelectrode and the tissue may be considered as two resistors
(R, and R) in series so that the voltage drop across each is
V,=IR,, (2a)
Vi=1IR,. (2b)
It should be noted that the potential field which causes the ionic move-
ments in the tissue, equation (2b), is dependent only on the current and the
resistance of the tissue itself. This feld cannot be ignored even though
the potential drop in the micropipette, equation (2a), due to its significantly
higher resistance may be much larger than that in the tissue (Curtis, Perrin
& Watkins, 1960). The resistance of the tissue (R)) is evaluated by noting that
the resistance of a spherical shell with inmer radius r and outer radius r+dr
and specific resistance s, is :
sdr
dR, = —_. 3a
" 4nr? (3a)

Therefore the resistance of a region from the rim of the electrode (r)toa
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point, a distance r from the center, is
T sdr
Ry= | —
H ., 4nr? (3b)
s /1 1
“a(.73) o

The electric field (E) in the tissue, which causes the ions to move is the
gradient of the potential drop and may be expressed in terms of the current
(7) and the specific resistance of the tissue by applying Ohm’s law and
combining with equation (3a) thus
oR, Is
E=1I ar  Am® @
The electrophoretic movement of ions injected into the tissue from a
micropipette can be estimated as follows. The amount of ions of species 7,
expressed as a function of their charge, put into the tissue is equal to the
product of the (constant) current, the transference number #; and the time
of application (T); it is also equal to the integral of the charge density of
the ions (p;) over the spherical volume covered, thus

YT = §{ pidnr* dr, - 5)

where r is the radius of the region over which the ions are distributed,

In order to calculate the radius of this region, the charge density of the
ions as a function of their position must be evaluated. The density of the
current carried by the ion species i (J,) or the amount of charge carried by this
ion through a unit area perpendicular to the current per unit time, is equal
to the charge density (p,) times the average velocity (v,) of the ions,

11
Ji= Zr‘c;—z = pib;. (6)

The velocity of the particle is determined by the equation of motion, that
is the product of the mass and acceleration is cqual to the sum of the forces
acting on the particle. These are the force due to the electric field (£) and
a retarding force which is assumed to be proportional to the velocity,

qE—kv = ma, (7a)

where g is the charge of the patticle, m is its mass and k is the retarding
force constant, or
d?r dr
—s + k— =gE. 7b
Mar TRg =4 (76)

In a constant electric field a charged particle moves through a uniform

7484



7484

g ]

)

358 J. TRUBATCH AND A. VAN HARREVELD

linear medium with a constant velocity which can be expressed as
qE

Y T

V== RE, (8)
r where p is the electric mobility of the ion. The 1/r? dependence of the electric
{ field, equation (4), in this spherical problem makes equation (7b) a non-
linear differential equation. However, the acceleration can be assumed to
r be negligible as a first approximation. Combining equations (8) and (4)
i yields the velocity as a function of the current and the distance from the
electrode,
. _ sl
i e ©)
Note furthermore that if the velocity is proportional to 1/r? the acceleration
.- will be proportional to 1/r® and therefore negligible compared with » at

some distance from the micropipstte.
The density of ion i which can be obtained by combining equations (6)

and (9),

e

. s
is independent of both the position and the current and thus uniform in

the entire region invaded by this ion. Finally, using this value, equation (10),
for the density, equation (5) can be integrated to yield

(10)

P

4n ’
IT =— 13,
I =3 r (11)
This implies that the radius of the region is proportional to the cube root of

the current used in the iontophoresis.

(A) THE EFFECTS OF GLUTAMATE ON CEREBRAL CORTICAL TISSUE

The electrophoretic application of glutamate caused characteristic changes
in the cerebral cortex visible with the light microscope (Van Harreveld &
Fifkova, 1971). Plate I shows a micrograph of a section cut parallel with
the cortical surface through a lesion produced by passing a current of
0-25 pA for 1 hr through a micropipette filled with a 150 mM glutamate
solution at pH 7. At this pH the glutamate ions are mostly univalent. The
preparation was stained with methylene blue and azure II (Richardson,
Jarett & Finke, 1960).

The spherical lesion consisted of a central lightly colored spot which on

- examination with the electron microscope was found to contain grossly
swollen dendrites, presynaptic terminals and glial elements. In this spot.
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PLaTE L. Light micrograph of a lesion caused by the iontophoretic deposition of glutamate
in the rat’s cercbral cortex. A current of 0-25 pA was applied for 1 hr through a micro-
pipette filled with a 150 mM glutamate solution. The cortex was fixed by perfusion with
glutaraldehyde immediately after the glutamate administration, cut parallel with the
surface and stained with methylene blue and azure 11, The calibration line incicates 100 um,
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darkly stained, shrunken nerve cells were présent. Surrounding the spot
was a ring of tissue which was usually somewhat denser than the normal
cortical tissue, and contained shrunken nerve cells similar to those found
in the center of the lesion. These cells were often surrounded by a lightly
stained halo, which in electron micrographs was shown to consist of grossly
swollen tissue elements. In this ring furthermore were present small roundish
transparent structures which are cross sections of moderately swollen
dendrites. Beyond the ring the normal cortical tissue began. .

In a number of experiments the current was varied, leaving the duration
(1 hr) and concentration of glutamate in the micropipette (150 mM)
unchanged. This yielded lesions of varying dimensions. Figure 1 shows that
the diameter of the central light spot, which is rather sharply delineated
from the ring of dense tissue, is proportional to the cube root of the applied
current. This is in agreement with the prediction made above based on the

~ concept that the electrophoretically applied ions are transported through

the tissue by electrical forces (equation (11)). A number of other observations,
however, were not in agreement with the predictions based on this concept.
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Fic. 1. The cube root of the current (in pA) used for the iontophoretic deposition of
glutamate in the rat’s cercbral cortex was plotted on the ordinate, the diameter (in pm)
of the area in the glutamate lesion characterized by grossly swollen tissue elements on the
abscissa. A micropipette filled with 150 mm glutamate was used and the current was
applied for 1 hr.
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It was concluded above that the concentration of the ions transported
from the microelectrode into the tissue is uniform in the entire spot. However,
the glutamate lesion showed at least two different appearances, a central

. region of grossly swollen structures, surrounded by a ring containing less

swollen apical dendrites. This suggests that the tissue can respond in two
different ways which have different thresholds. The glutamate concentration
in the central part can be expected to be high, causing the more pronounced
tissue changes. In the ring surrounding the light spot the concentration is
subthreshold for this effect but above threshold for milder tissue changes.
It is even possible that glutamate spreads further in the tissue but at a con-
centration subthreshold for any visible reaction.

From the above considerations (equation (11)) it followed furthermore
that the diameter of the spot should be proportional to the cube root of the
product of current and its time of application (I7°). The experimental results
deviated considerably from this prediction. For instance, by applying a
current of 5 pA for 5 min through a micropipette containing 150 mm
glutamate a spot was produced with a diameter of 596 jun. The amount of
glutamate deposited by this current in § min (1-5x 103 coulomb) could
have been transported by a current of 0-42 pA for 1 hr. From Fig. 1 it can be
estimated that such a current would have produced a glutamate spot with
a diameter of only about 370 pm.

Since the cellular elements are surrounded by membranes of relatively
high resistance most of a current applied to a tissue is carried by extra-
cellular ions (Cole, 1940; Van Harrevéld & Ochs, 1956; Van Harreveld, 1966).
The glutamate released from the micropipette thus can be expected to move
at first mainly in the extracellular spaces. However, from there it may be
taken up by the tissue elements and be transported through the vessel walls
into the blood. This would result in a decrease in extracellular glutamate
concentration toward the periphery of the lesion, explaining the differences
in appearance between the center of the glutamate lesion and the ring of
tissue surrounding it. Since this removal of glutamate from the extracellular

'space will take time, a greater loss of the amino acid will occur when it is

delivered over an hour than within 5 min. Therefore if the glutamate con-
centration falls below threshold for the gross swelling at the periphery of
the spot, the 1 hr light spot can be expected to be smaller than the 5 min
spot.

In some experiments the glutamate concentration in the micropipette was
changed by diluting the 150 muM glutamate solution with Ringer’s solution.
The current was in all instances 0-25 pA applied for 1 hr. The diameter of
the glutamate lesion decreased from about 300 to 80 pm when the concen-
tration of the amino acid in the micropipette was reduced from 150 to 10 my.
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The absence of a symbol for the glutamate density in the microelectrode in
equation (11) suggests that the spread of the amino acid in the tissue is not
affected by this parameter, which is to be expected since the migration of an
anion in the clectric field is not a function of its concentration. The effect
of the glutamate concentration on the diameter of the lesion can be explained
by the uptake of the amino acid by tissue elements and blood vessels. This
will decrease the glutamate concentration to the threshold concentration
for gross swelling at a shorter distance from the electrode tip when the con-
centration in the micropipette (and extracellular space) is lowered.

3. Correction for Absorption in the Tissue

It was suggested that the discrepancy between the experimental results
and the predictions based on the concept of a transport of electrophoretically
injected ions into the tissue by electric forces is due to the absorption of
glutamate from the extracellular compartment by cellular elements and blood
vesscls. Assuming that the probability of anion being removed is proportional
to the time it spends in the tissue, then the density at point r is

o) = po ™, (12)
where pg 1s the density at the orifice of the electrode which is assumed to
be equal to that of the solution in the electrode, ¢ is a constant and 7'(r) the
time it takes for a particle to move from the electrode to the position r. This
time may be ecvaluated by integrating equation (9) for the velocity
(v = dr/dT) to give

‘ 4n
TG) = — (P —r2). 13

(") =357 =70 | (13
Since the distances travelled are far greater (of the order of 10% pm) than
the radius of the electrode, the latter term may be neglected, so that the
time spent in getting to the point r is proportional to the cube of the distance
travelled . :

4n

T() = — 1 : 14
") =50 (14)
The integration of equation (9) is based on the assumption that the specific
resistance of the tissue throughout the glutamate spot is uniform. This
may not be the case, however, since many factors can affect the tissue
resistance such as the uptake of glutamate by cellular elements and blood
vessels which may change the specific resistance of the extracellular material,
changes in the width of extracellular spaces and of the permeability of cell
membranes. These factors cannot be cvaluated. However, it will be shown
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n of a uniform specific resistance of the tissue 1n
t between the theoretical and
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tion of equation (9) seems

lts. For this reason the integra

If T'is the length of time thec in equation (14)
1 distance (rm) traveled by the ions and equation (14)

tion (11). In case the concentration does not fall
the tissue reaction studied, equation (11) gives the
the size of the spot and the current. If, however, the
on falls below the threshold level (py) the swelling of
ur at the periphery of the glutamate
ions will move a distance 7m the
. of the threshold concentration,

lements can no longer occ
ugh in time T glutamate
spot will only be visible up to the point (7
(12) can be rewritten as

so that equation
p( = po e—CT(n), ) . (15)
or using equation (14) as :
P = Po e—(4nt/3su1)n3- (16)
ation (16) and rearranging, the equation becomes

Taking the In of equ
:$144
In p,—In p,f 35y r. an

ound in the electrode is kept the same,
d sois p, the threshold for the action on the tissue. Under
and I are the only variables and it follows that the diameter
proportional to the cube root of the current, as demon-
periments collected in Fig. 1.
a linear relationship between the logarithm
in the clectrode (po) and the cube of the
he cubes-of the diameters of the

When the concentration of the comp

polisa constant an
these conditions 1,
of the spot is still
strated in the scrics of ex

Equation (17) suggests also
of the glutamate concentration

radius of the glutamate spot. In Fig. 2t
spot of grossly swollen tissue elements is plotted on the abscissa against

In po on the ordinate in a number of experiments in which the glutamate
concentration in the microelectrode was varied but the current (025 pA) and
“the time (1 hr) were kept constant. Although the diameter of the spot
decreases with the glutamate concentration, the relationship is not linear.
Changes in the concentration of glutamate in the electrode changes the
specific resistance of the fluid in the micropipette. The specific resistance
of a salt solution can be expressed in terms of density and motility of the

jons present (s = 1/2 pip). In the present experiment glutamate jons were
replaced by faster moving chloride ions while the sodium concentration
remained constant and equal to the sum of the anions. The specific resistance
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Fic. 2. The logarithm of the glutamate concentration in the micropipette used for the

iontophoretic deposition of the amino acid in the rat’s cerebral cortex was plotted on the

ordinate, the cube of the diameter (in pm) of the area exhibiting grossly swollen tissue

clements on the abscissa. The current applied was 0-25 pA, applied for 1 hr.

of the solution can be expressed as

i .
=y . : (18)
where

o = Praltna+ Heh

B=Qa— 1G)-

The replacement of glutamate by chloride ions thus results in a decrease in
specific resistance of the fluid filling the iicroelectrode. Since the current
in the glutamate spot is carried in part by the anions injected from the
microelectrode into the extracellular space, a lowering of the glutamate
concentration can be expected also to decrease the tissue resistance. Equa-

tion (17) can be arranged as

4ne
s(In p,—1In p) = 3ul e 19

showing that, because of the effect of the glutamate concentration on the
tissue resistance, a change in the density of this amino acid in the micro-
electrode affects r}in a non-linear way, causing a larger increment in this
value for equal increments of po at high than at low concentration of gluta-
mate in the microelectrode in agreement with the experimental findings

(Fig, 2). It can be concluded from equation (19) that at the intercept with the
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ordinate the glutamate concentration in the pipette is at threshold for '

gross swelling of tissue elements. From Fig. 3 this concentration appears
to be of the order of § mm.

4. Sufficiency of Electrical Forces

Finally, it will be shown that the clectric fields in the physical system are
of the proper magnitude to account for the motion of the glutamate ions.
The average velocity (v} of an ion moving from the electrode to the position r
is the distance travelled divided by the time (equation (13))

r—r,

_ 0y = [4n(r®~rd)}3psl

The velocity of the ions is proportional to the electric field, equation (8).
By combining equations (8) and (20) the average electric field (£ between

the edge of the electrode and the point r can be expressed as

s 3sl(r—ry) .

EY = ————37. 21
<E> An(r*—rd) @1
The specific impedance of normal cortical tissue measured with low fre-
quency (1000 Hz) alternating current is 220-250 Q cm (Freygang & Landanu,
1955; Van Harreveld, Murphy & Nobel, 1963; Ranck, 1963). During
asphyxiation and spreading depression the tissue impedance tends to increase

(20)

markedly. This value is more than doubled a few minutes after the start

of the arrest of the blood circulation due to a transport of extracellular
material which conducts most of the current used in the impedance measure-
ment into the intracellular space (Van Harreveld & Ochs, 1956). It was
postulated that this transport is due to an increase in Na permeability of the
plasma membrane caused by a rclease of intracellular glutamate into the
extracellular space (Van Harreveld, '1966). A similar transport of extra-
cellular material can be expected to occur during the iontophoretic glutamate
injcction, resulting in the swelling of tissue elements. The specific impedance
of the tissue in the glutamate lesion will therefore be considerably higher

. than that of normal cortex. A value of 500 © cm seems a fair estimate.

The application of a 0-25 pA current for 1 hr produced a spherical area
of grossly swollen tissue elements with a radius of about 150 pm. This was
surrounded by a ring of tissue about 100 pm wide showing glutamate
effects in the form of swollen apical dendrites and shrunken nerve cells.
The total visible spot thus had a radius of about 250 pm. Using equation (21)
the average field over this region is 0-05 V/cm using the estimated value
for the specific resistance of the tissue in the glutamate lesion. Glutamate
was found to move with a velocity of 1-6 pm/sec in a unit field at pH 7°0. The
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amino acid can thus be expected to move over a distance of 290 pm in 1 hr
in an average field of 0-05 V/cm in good agreement with the dimensions of
the observed glutamate spot.

&, Discussion

The agreement between the predictions, based on the model in which
glutamate ions are transported only by electrical forces, and the experimental
findings, suggests that glutamate is indeed distributed in the tissue by
electrophoresis. When current is run for only a short period of time, the
injected ions can be expected. to be distributed with near uniform density
throughout a volume proportional to the cube root of the product of the
applied current and time of application. For longer periods of current
application there may, however, be an appreciable loss of the amino acid
from the extracellular material, due to absorption by cellular elements and
passage through vessel walls. Since the electric forces are not affected by
this disappearance of glutamate ions the region covered is the same as if
there were no absorption. However, in this case the density may become
subthreshold for a tissue reaction at a smaller distance from the orifice of
the microelectrode than the maximum distance over which the ions are
transported by the current.

Curtis ef al. (1960) considered diffusion as the main mechanism for the
spread of an iontophoretically injected compound in the tissue. This concept
was tested experimentally by Herz et al. (1969) who used changes in the
discharge rate of nerve cells as an indication of the action of iontophoretically
applied glutamate or y-aminobutyric acid. The amino acids were injected
either from an clectrode close by or situated at some distance from the
recording electrode. Currents of varicus strength were applied until a
response was observed. This occurred after a shorter time when the amino
acids were injected from the close electrode than from the remote electrode.
The time difference was considered to be a function of the diffusion of the
active compounds. Using a modification of an equation of Carslaw & Jaeger
(1960) for heat conduction from a point source and suitable values for the
parameters of this equation a good fit of the experimental and theoretical
data was found. :

" The experimental conditions of the observations of Herz et al. (1969) are
quite different from those used in the experiments described above. The
current in their experiments was applied for a few seconds through electrodes
filled with 3 M glutamate causing a reaction (increase of discharge) with a
threshold of 0-25 mM. The concentration difference between glutamate in
the electrode and the place where its action is measured is thus of the order

7484



—
;

366 J. TRUBATCH AND A. *_VAN HARREVELD

of 10*, highly favoring a spread by diffusion. In the present experiments
the current was applied for much longer times (! hr) and the difference
between electrode concentration and the threshold of the tissue reaction
(see above) was about twenty-fold. Although the conditions of the present
experiments do not exclude a spread of the amino acid by diffusion in addi-
tion to that caused by electrical forces, the linear relationship of the dimen-
sions’ of the glutamate effects and the cube root of the applied current
indicate that under the conditions of these experiments electrical forces are
dominant in transporting glutamate through the tissue.
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THE I!OKSTER-PRODUCING ACTION OF GLU’TAHIC ACID \
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Thalidomide whose chemical structure is shown below,

is a deriv&tive of glutamic acid and exeicises a depressive effect

o - on the central nervous syster. -:51-1; ,f’“f' o B
R ) .;"_4 i . . R - ] .' . @‘.' ' . . o . ‘ . '
SR S e S NP IRy o RIREE PR
N S M; fu“’-w" AR 'el;_c/ \‘””ﬁ'f‘ g “f N 'iu_ \ o v
o o o . oo oon '
4 Ca . ‘ T - Py Pe]
O /s Vo L \ - & d

_ A : T » : : vdo glotarimdes '
L Clufamec: Beid -~ - ST Phthalim ﬁ art , )
) ufa ',a o Ghﬂanmuk | T Shalidomide B \ .
T e | . - , ‘
: : This product, synthesized and studied from the pharma-

cological v1ewpoint in 1956, is said to be a sedative and hypnotic,

- “'""] L

not causing tka:same fatal toxic effect of strong doses administered

RN by mouth, but.certainly carried over to a state of sleep and severe :

_migraine (18 12, 16, 3). It elevatesvthe threshhold of pain when

it is administered with analgesics (10). ;"U'{

It potentializes the effects of depressive substances on

,f/nij. |

3*":.' ~ the central nervous system, particularly those of the barbiturates,

f. S f and .it. antagonizes stimulants of the central nervous system (17;'//

{ ' 4 - - !‘

by oo g ,*/

[' < - /
i . .
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Ce _ff’grir . R .
; Severai congenital anomalies have been observed ohich ?~¢af

\

2' fgf: : 'generally are related to the- long;bones of new babies born to
i T -
! . women who have taken Thalidomide at the beginning of their

:f““1‘¢3_44u_;u

’ Vpregnancy., Also observed have been abortions and fetal resorp—'“'~“
S _ S i
b0 - tioms in “the. case. of such womer (4 16). L s
Preparations of glutamic acid (HOOC—(NHé)CH#CHﬁ-COOH)

Aare used in our clinic ‘or well—defined therapeutic purposes. such -

Y

P

e
-

o

'bas states of hypoaciditv, certaln types of epilopqy (petit m&l), ;,;_
various mental difficulties, ete. (15,6 8, 19 1) without. mention o

‘AV K l eﬁf,

being made of tke relative harm in 1dministering this product to -

i : pregnant women or to thoqe who are apt to becone pregmant. x;”:
( 5gtii}f,7 ‘n“f . Once knowing the effects of Thalidomide on the fetus, x,.

-ne proposed to conduct research on glutamic acid--so commonly 'ﬂ=7-5‘

i

- e W ki : sl e R
PPN oy BN - .ol
L . N 1y . S
. “et L .- i EN
) IR RN . A

. employed in different instances--to deternine: whether or not it‘

15 o mopster-forming product. . - 7 Vo

Haterial and Methods o o 'ﬁi;\:/f,

Experiments bave been cartied out on 28 rabbits and at.

OIS SRS S
1

W

" the same'time,.28 other rabbits (20 females and 8-ma1es) have ﬁ\\\f’"i

\:~° 3 _ served as controls during the experiments, The two groups have - ,
. LT e ¢ . - . - L :

o

(;511 ; been subjected to'normal nutritional conditions. The rabbits R

- reserved for experimentation have been divided into three groups.ffid

First Group. 14 -abbits (10 females, 4 males). The

. - . . e —--

"g;~ni h females only received glutamic acid - We have taken into account "i

in the administration of this compound the case of females being

M«-I‘,. PR : 7

il ) oY

) RSN SRR SES M
:

in a state of pregnancy, and this is the reason only 2 out of 10

)r
]
“~
e

females were at the beginning of pregnancy, the other were in a 1"?

RO R B U, - : P T L
el s R T SN - Lt - o L a .
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. T J. . B RN N -
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Second Group. 6 rabbits (4 females and 2 males).ﬁ Bothgﬁxfpi
females and males received glutamic acid in combination with- -
vitamin BG for the following reasons:. ' :-”1 j

. ‘ . .

a) Glutamic acid . is administered in practice to males

'f as well as females, and it is possible to obtain different results ff;

PR

in connection with fertilization. ,”-.1 -

L b) - 'Vitamin B6 facilitates the’ transformation of glutamici-

iacid to ‘GABA and 4in ‘the case of a deficiency ot this vitamin, it

el

B is possible to produce deformities in the following gencrnxion in .

f'connection with the response of the ovaries to gonadotropiﬂ 'f;i‘u‘”'
| . ]

|

]

—

P hormones (7, lI 42 14),

E (ﬂ,. - '._j Third ‘Group. 8 rabbits . (6 females and 2 males).- L

A

Glutamic acid has been administered alone in the case of tne two
sexes in order to compare the independent effects of vitamin B6, \

- For the third group we have used Glutamidine,which is‘a specialty //

3 e ) R L l s

éf N - pharmaceutical based on the hydrochloride ‘of glutamic}acid, V{\\;gugf,:

Tﬁ L administered Lr mouth in doses of 25 mg/kg in- the form of a pelle
~in caoutchouc. C gf'i': ‘ ,v;’u.j o -1 S e

We prefer the "by mouth" method because of the: poor

solubility of TIgalidomide and glutamic acid in water and becausei?:f;Tf

: +b therapeutic course i8 the one most frequently employed.

4

i
-T‘i,»*, o Absorption of the product during its passaae through the gastro-"

'ff. intestinal tract is rather easily accomplished. ’1[:—-'1;' . /*J;'ﬁ
- | ‘ ¢ doys
| - Glutamidine has been used during a period of 40 heu#s—

! ,% administering the product during 4 and 1 bsgr intervals, being a")fv

[ . et - R "‘i>/'“"
s A : - : . . - 1

a . v . .

o1 —_— . - .o

08 . - it

oA LA . - . N -

g— - -~ \ e .
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4,.01 25 mg/kg subcutaneously.",_,3 ”_‘,"' u g-g_i o —3"

;;i a11 of the organs.,SYStems b°nes’ and endocrine glands

Avtwhich had continued to live a normal communal life showed atithe

end of the period of administration oi glutamic acid, that 3

'_{; degenerated fetus in the interior of the uterus, e 'f- ~X'

A

x::abortive endometritis of the uterus..

" to the observations with Thalidomide (4) . 'jr'ft‘:

PN, oy P

v::a total of 27 hours, at a rate of 25 mg/kg., vitamin B6 at the rate {

i
\
At the conclusion of the experiment the treated animals

‘rbband their offspring have been observed from a morphological point

of view, from an anatomic-pathological viewpoint, and by x—ray of

e

Results

First Groug The autopsy of 10 female and 4 male anima}s '
4§ I .

i

) l~;‘rabnits were 1n a btate of pregnancy but the pregnaney was "arrestod"

l
At the uterine level there were diverse calcareous deposits in.the

- fregion coreesponding LO the endometrium and infiltration of these

,'elements as far as the myometrium.' Fipally, there was found a \

e

‘ In the case of 2 other rabbits, there was found post- \ //

\\The abortus observed with Giutamidine (Fig. 1) corresponds
r o

‘ . .
. ) o

~ Two rabbits were delivered of young at a normal time, but F

~ the offspring had various malformations (Fig. 2). In the case of ;_"

the two rabbits who did not deliver, hyperplastic uteri were found.b -

Regarding thé young from -this group, no pregnancies were_ﬁ

_'”observed during 7 months in the case of“ tnese oxfsprlng subjected ;53‘
“'to communal life two months after their birth. But we have been// -

e-.able to observe at the end of this period' a number oI monstrosities'
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particularly of the extremities which were long or short, of _
‘: pathological form and position, and which caused the animals to use :
t_these organs with great difficulty (Fig. 3). This observation l“

. has beep the same in the case of newly—born animals in the otherAr5~3

‘-groups subjected to the experiment. Curvature of the spine has

‘been observed and accentuated in proportion to growth (Fig. 4)(4).;',
- ‘ SR :
The growth and development are sharply 1etarded comprred to the

{‘;“;gtigl contral animals (Fig. 5). DI ';14{' |
g R ; o Anatomic-pathological examination has shown eericus.' :
S, atrophy of the adipose tissue,: hyperplasia of the génal capsules, “ve
'-g r,¢3;£: : increase in ‘tkp basophilic ce11s of the adenohypophysie, utrophy |
’-;;?i‘ of ‘the, testee, and a cessation ox spermatogencsis, and atrophy\of
‘?’—*X*eh. ;~«-the uterine endometrium.txf‘.ff:f:ff‘:7,’feg' R .’_-;

-

"Second Grogg;r Composed :of ‘4 female rabbits and 2 males

Y

living a communal life.~:A-'n~ I >i : B ‘;‘vv;f ‘\ -
" Two - rabbits gave birth and their offspring showed ;- \_/’

- *”i"monstrosities in the form of deformation of the extremities.‘ (Figrs).

were observed in the animals of this group.,

v
t.

r

| oo N '

fi _" _"" - The three- offspring died during their first hours' no abortiong\\\
fj Anauomic-pathological examination of the animals having

- received glutamic acid showed:' hyperplasia  of the uterus.and 1nhi—

f‘f"igivﬂa “;; o "Xn the case of the offspring' Hyperplasia of theﬁ#%nal

g? ~ bition of spermatogenesis.

r |

glands, increase in basophilic cells of the adenohypoph ysis, serioué
E% SN e atrophy of_the adiﬁose tissde, atrophy of the testicles,: arresta-
(“\;“.’T"‘ 1tion of:epermatogenesie,{and atrophy of the uter%ne endometriﬁm./

Tl T N
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‘aql ceiving tho medication shoe»d'

A‘*;;:Jﬁl‘;t Snrioua -trophy'of the adipoac tiasua, hyperplaaia of t!"

<»: of the same . animal (Fig. 9( ,' f‘f » ;if;" ;?\f"lA

,f_j ;;‘"" “' 0ur object vag to inve-tignte whether glutamic acidihvhich $§=?

.:’,4 . :_ v

‘§
;,fifi : Three rabbits vere delivered of young Diutcrtions of the \

R ) - - e o, -
P T . T - .
- % - I LN i 5 s o > e o=
= e e e i 5

. . N
N ' B
-

- 25559;95222° VCOﬂPOsed of six females and two msles vho liy?d'f;?‘
a normll communal 11fe.; A _ ;;;Mf" ‘£;;;: 'i;;?r - LR

. ! ey
) _extremities lnd growth impulrment was observed (Figure 8( Thn other threc.ff;'

‘ rahbits did not deliver young

uterine hyperplnsin end inhibition or \ SN

B '

apermltogenesis in ‘the case ot testiﬁlen.? o

..............

- In the case of thc o;faprir 3,7,;r;fh:5“

\J'

‘ aarenala, Ltrophy of’ thc cndcm-trium of the uterua, atrophy ot the teaticles,

\ --'--
' snd arrestntion of spermatogenesil, Badiological exsmination of the long-k‘ SRS
: bones shoved them to be nore ulender, thair developmcnt mediocra,> lbcal ’ffjf t

-

dcformitieu of the tendons, difrarencee in symmetry of the two extremtties \ //

. -
- e
.

~ l' L

' ‘\Autopsy of the young reveuled almost total disnppearance of 16;3359 -

LI -

a e

o tissue of tha vhole orgnnisn.l S juifﬂ‘?*:;{f.rf‘_ fsiffr

Discussion

de:ﬁxs%&#o—ot Thalidomide 15 s derivativa, han a monster-producing effect

N i« ».;

h'i nnalogous to that of Thalidomide (h 20) Glntamidine vas ndministered by / ‘

n-




et S,

: ‘_the preuence of enzymatic trunsformntion proiucts of. glutemic aeid in the

'lJlblood of father end mother (171, being 8 reuult of myotic intozicaticn (he

' of the long bonea, lengthening or shorfening in compariaon to the‘normal, Bt

¢ % e ¢
s
s

In the first gfoup; Glufamiéine vas idminietered only to the

E]

females. It was this grou§ vhich presented the-anemaliea‘reaemblins moati‘fz-:;ﬂtﬁ
- thoae of Thnlidomide vwhen Glutemidine vas edminietered 1n thil menner to ':
T females in a pregnlnt condition. ”4"j =‘15¢;f:v, 2 ;_ ;ﬁ _ L‘,“ {‘r' »\ Co

Abortion -nd the arreet of pregnancy was dbaerved only in thie ‘iif?fff'

e N

= - r

we have thought that thie utate of affeirs perhaps was & result of
~

!

TIATT g

charding the Iolloving gener-tion, one.observes mediocre grcwth
: 7 B \ e

-

[

';iehYPerplﬂBil of the advennls and of the uterus, an etrophy of the ‘testes, ete. -

- of euzymetic nctivity (still not determined -t thie time) end nlso explnin the } |

<y R e A ! ‘“>‘.

These obaervstions can arise by an alteretion of the uctivity of oxaloacetic-r;‘w

. glutamic transaminsse and of pyruvic-glutamic .ransaminase on the organa of \ //

\

the syetems (2,5)‘hnd the sama on the geneo, being an augmentetion of the.

blsopbylic cells of the adenohypophyaia (2,5,21,3) ~: j j._f ‘f4<? j\\$\;‘~

- This reasoning ie confirmed by the ract thnt 1n the caae of hereditnry‘

 z muscular ntrophy, the long bones are ahorter in comparison with the normal

anﬂ the activity of oxnloacetic-glutamic trensuminaee is augmented. Never-‘fi5?5’

Pacd

' the less, one night--vith eqnnl Juatificetion--thinknof these modirications .i:iv

-‘;:"

obaerved resulte. ‘Li
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~In the case of the ofrapring of the animlt of the rirat sroup,
cougenitnl anomelies lnd mlformtions h-va baen obaerved vhich (aince '\they

: hgve been encountered 1n the two;! other groups) bave been mterpre ted ." - ~
beins the toxic and monster-toming eﬁ'ect of glutanic acid ndniniltered\ over:

. - e T S

- l 1ong period.

In tha ncond group, Glutamidine hu been adm.tni-tered in 2850 ﬂej,."—'-

[P

. ....».t,-..—-

' ' tion with vitamin BS to mlea as ve)l s femles. \Abortions and ‘a:r. est of

rwﬁ]
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pregnancy at its Onlet bau not 'been observed, but mlform t,:lona Ft a“d

Y WO ATN TR,

pathological resul’cs heve been the mm c.: tho:e uboerféd in tho fu'et ln" ““ :

-

!

ST UERER TSI W

. . . . o ) . - : . - - . o .‘., -
S e thi EX‘O":D' T temocc —'::"v'«"-.' RO ...".‘: S v : J‘} I
In tha third group, Glutamidine llone vas ldminiltered to malcs - Lol

I . i
SRS

'  -~‘_ '\ l'ld femles, but the reault; parallel tnoao of the necond group in the k ""‘ -':_.'" :

. : cue ot ths motheru end their young Also the experimenta h.uve not’ revealed

B ~ . compared to - - /
any benaticial or preventitivu eﬁ.’ect vith the compound alone/udminiatcred in

"b"i .. .

-~

| nuochtion vith vitanin 36 LR ?ff'* e
- ~ s =4

RO
e
s

~)

IR '?_ - The erf ct of Glutamidl on the bone marrow nerited a particular e - .
Ll e , y . i - IUES I

exnnin-tion. K

i

1 [
Ty .
q4 -

-......) Gy A
%
1

The hsrmful effects have not been obuerved on the nervous tiuue

i
i

: . of the mothere nnd1 o’fspring except as hyperemia Hyperemin of l...l ot tha

e e -

organa of the anmln or the thrce groups arises‘u the mhibitive efrect of 'i:"_f-}.'

Rt —
Fyen T

TR glutamic lcid on thronbokinsne (8,9)
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Lo of the 1iver nnd to the serum lipoproteins, being a mbilization of the

81l groups 1: due’ to tbe adlorption ot glutnmic acid to the lipid rrlction

| b‘lipida following the metaboliem of glntanic ncid 1tself, and sn_ enzymtic

' ~action on lipogene_ ..s.
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Dinppearance of llmost all fatty tiuue of the offspring 1n
A

\v-l:

e l

B tranlformation of the 1evel or the fatty tinuc (9) anﬂ finnlly . du'ect

Lo~ B — '.,
i.e

Inhibition of grov‘th il relnted to lugmntation or the buophill S

S
[

o of ’che adenoh:v'POPhg“Js (: 9) 'i ‘ ) o :."i- ) \

organ mlformations :!.a distinctly greater than t‘hat of the contz:ol,a.

vhcn Glutamidina ia adminiatared to males at the same tims it 1s given to \ .

. groups comprising theue experimenta, one can obaerve that the amount of \

' growth in the case of the htter is §0$ leao'than tha‘t of the controls. .'-:

gene-iu nnd by endometrial hyperplnain. o

etfect of 3lutanic acid and forcshadcrw modiﬁcationa '.Ln tuture generatiom;

Tna extent of momlity éf the offspring and its reh*uion 4o the RS
0“ R

) A

' The maIn difference betveen the grou‘ps is m:mmx: oﬂdenﬁ 3

-e._ ‘ R
; Ty

1

[t

femles (firat group) BRI -', o 'LV _ S - N
In comparing reproduction betveen the control rabbitn end tha three /
; . o

—~—
=

\ -

‘ B

k This result perhrpa can be exphined ’by 1nh1bition of :permto-

'a .
Il

Mal.formatione of the offspring of the aecond and third groups are

—-— --...._.._.._.. ',

less lccentunted thnn thoae ‘of the firat group. IR .

2

Theae experimentu are presen’ced as evidence of the monster-forming

]

| /
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< : R useg the
e ot those rece:h’ins the product over a period of tipa vhich ca Ry
: . R

tha
the uterua L and on Re
effects of. this substanne on spemﬁt°gen°fff: on ' | .‘\ :
-, 4 § ; PO ..‘ ‘
':aarenals and the- hwpophysis- e \;_
” N : . o ., e - o vl . " ) ) ‘

B »
. R . . .,

, |
cts Of 51“““1“\
We have 1nvestisﬂted *-h° mongter-fomins effe A \&

| » » Oﬁﬁ rina, -‘ .
. acid ndminiatered OvVer a continuing period to parents and to tha:l.r 1? o
| i ;L A

The ldmmnstnt:on of gluurmc acid (25 mg,'kg,

per os) for one momh to brcedmg
" -rabbita was found to provoke the follows

ng changes : (l) in the parents: hyperplasia

: . . of the adrenals and endormnetrium, inhibition of spcnnuogmcsn, generulized hypezremis,- '
; " lowered reproduction rate, resorptivn of the foetus ard shortion;  (2) in the youngs:
3 . " hyperplasis of the drenels, incressed basaphils concentretion in the adenchypophysis, .

] 2L, w7 atrophy of the endometrium and

of the testes, blockade of spermstogenesis, etrophy

- of fat tissues, muscular snomalies, utmhy of bone msue. muitmz in malfomtm

'ofhmbbonelmdpoo'm

L lutcur rémetne M. k meweur A. Achs:J pour s co!hbonuon et e eneoun-
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'1;v Dead fetus obuerved trom an animal which had takcn glutamic -cid‘in
‘ ‘3q Hind extremity 1. 5 timés longer and unuseble of offspring of mother

' h., Curvnture of the spine during growth of 8 small deformed rabbit vhose
o . mother received continuing doaes of glut&mic acid of 25 mg/kg/day.>\"

= J ' -

6. Difrerences in development of baby rabbit (dt le;u) born of parenis
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-2.. Malformations observed in. the case of ofrspring of female rtbbit on
_ continuing dosea of glutamic acid of 25 mg/kg/duy, or:lly
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receivin°.~ ‘ntinuing doses of glutnmic acid of 25 mg/kg/dny. S

5. Left. Makformzd hing extremities of a small ridbit ‘born of parants'
" receiving glutemic scid end vitemin B& in continving doses of 25 rg/kg/hay.

- Right. B8mall rabbit burn of the same. group &nd ahoving malforkations of
- the front vavs. .

v "

‘ ,
receiving glutsmic acid end vitsmin B6 (25 mg/kg/day) compared with i d
normal enimal (right) - I S W

7 Radiological exanination of the 1ong¥bone of the control snimel (right)
"~ and of offspring from perents receiving continuing doneu of glutamic
‘acid of 25 mg/kg/day. 2

1‘8.' Mediocre growth of offapring arising from purentu receiving continuing ?[??:

doses of glutam‘c ecid of 25 mg/kg/day.,_;_-=; R ,¢ﬁ_. L
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CHINESE-RESTAURANT SYNDROME. RECURRENCE

To the fditor: Recent reports claming that high doses of
monosodium t-glutamate (MSG) may have toxic elleds on
the central nervous svstem of animals! and evidence that the
burning sensations. Eacial pressure. headache and chest pains
of the Chinese-restaurant syndrome arve duoe to monosodnmm

f ' glutamate’ have led to critidsm ot the widespread use of
w AISG o as a tood additive, We recenthy encountered a Gise of
L the Chinese-testaurant svndrome in a 62-vear-old epileptie”

woman who was being treated  with  diphenvihydantoin
(Dilantin), 100 my three tmes a div. Because the low serum
folate that mav occur in patients on diphenvibyvdanton

therapm® has been attributed 1o an inhibinon of intestinad
conjugase.’ which probablv splits toluie poh glutanaie intoe .

the canly absarbed mono--chitamate torm® we sugeest that
patienis on- diphemibvdanioin theraps may be more suseep-
tble o the toxic eflects of monosadiam teglutiomaie in the
dict. The absorprion ot olic acid probably nvolves an actve
transport mechanisi anless vast supnaphvsiologic guantities
ate siven and since the dictary tolate mainh consistis off
polvulutanate forms that cnmot be absorhed 2% there ma
~well be acdetiaenay of Lmonoglutamates o the qurs the ae-
- tive transpott mechanss tor folae -monoehutanates min
i ansaturaied. and a dose of monosodinm 1 -elutamate
nean be rapsdhy abisorhed, the tonad effeas ol this dvue appear -
nig 1o be dose rckited? TThe contral eleas ot dhphenyihin-
dontomn md folate dehdieney noght comphoare the response
10 MSG :
Vithouzh more stadies e needed. ot present at seems
teasoable 1o advise patients on diphenviin dantom o avond
Foods pich in MSGL ospeaadh wonton saaps.
We should be very wratetud tor e indormation about
other cases of the Chinesearestaurant sandromie o patients
or dhiphemvihydantom theraps,

Y ""'} —y ey ey ey
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Light- and Electron-microscopic Changes in Central Nervous
Tissve after Electrophoretic Injection of Glutamate
A. Vax Harreverd axp Eva Frrrova

Kerchoff Laboratories of the Bialugical Sciences, California Institule of
Technology, Pasidena, Caltfornia 81100
Received March 10, 1971
The electrophoretic injection of glutamate into the cercbral cortex of the rat
" eaused a lightly stained area consisting of grossly swollen tissue elements in
Heht-microscope preparations. In electron micrographs some of these slructures
could be identified as presynaptic terminals and denduites. Also perinuctear and
perivascular glial material showed gross-swelling. The nerve celly in the lesion
were heavily stained in the light- and electron-dense in the clectron micrographs.
This aren was swrounded by a ring of dense fissue containing darkly stained
nerve eells and moderately swollen apiepl dendrites. The magnitude of the spot
of grossly swollen tissue elementls was found to be proportional to the cube root
of the current uzed for iontophoresis. The size of this spot was also a function of
the glutanate concentration in the micropipelte weed to deposit the amino acid.
The swelling of the tis=ue clements was reversible, but the dark nerve cells did
not recover and were removed. The similarity between the “dark” cells in
preparations of central nervous issue museribed by several authors to mechanical
damagn of the material, and the dark eells caused by the application of gluta-
mate was pointed out.

The large impedance inerease recorded during spreading depression and as-
phyxiation of central nervous tissue suggested that a major movement of electro-
Ivtes and water from the extracellular space into the intracelular compartinent
oceurs under these eircumstances (Ledo and Ferveira, 1953; Freygang and Lan-
iy, 1955; Van Harreveld and Ochs, 1956, 1957; Ranck, 1964; Van Harreveld,
19667 More dircet evidenee was supplied by the demonstration of a transport of
chlovide and water into cellular structures during spreading depression and as-
phvxiation (Van Harreveld, 1057, 1938, 1961; Van Harreveld and Schudé, 1959)
and 2 reduction of the extracellulsr space observed in electron micrographs (Van
Harreveld, Crowell and Malhotra, 1965; Van Harreveld and Malhotra, 1966,
1967 Van Harreveld and Khattah, 1967; Van Iarreveld and Stemer, 1970). 1t
hax bueen suggested that this movement of extracellular material into the intra-
cellular compartment is caused by an increase in sodium permeability of the
plasina membrane of suseeptible struetures (Van Harveveld and Ochs, 1956; Van
Hirreveld, 1966) and that the inercase in membrane permeability is the result of
a relesse of glulamate from the intra- into the extracellular compartment (Van
Harreveld, 1959, 1966, 1970). The latter postulate was supported by several
observations. Spreading depression could be clicited T the topical application of
clutimate in relatively low concentralion {15 ml) to the ecrebral cortex (Van
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Harreveld, 1959). In chickens, before the development of the blood-brain barrier,
intravenously administered glutumate caused in the corpus striatum the features
of spreading depression and asphyxiation, such as a depression of the eleetroen-
cephalogram, a slow potential change and an hmpedance increase of the tissue
(Fifkova and Van Harreveld,-1970). Ames (1956, 1958) demonstrated an uptake
of sodiun, chlovide, and water by rabbit retinas bathed in a medium containing
glutamate. In cleetron micrographs of turtle and mouse retinas a large swelling
of (dendritic) elements was observed i glutamate-treated preparations (Wald
and de Robertis, 1961; Van Harreveld and Khattab, 1968a). Furthermore a
release of glutamate from the isolated retina was demonstrated during spreading
depression (Van Harreveld and Fifkova, 1970).

In the present investigation ﬂlutamdte was deposited ohctxophmctlcall\ from
a microclectrode in the cerchral cortex and the mcult> were investigated with the
light and clectron microscopes. '

METHODS

Glutamate was injected electroplioretically from glass micropipettes drawn of
Pyrex tubing with an outside diameter of about 1 mm. The electrodes were filled
by boiling under vacuum with an izotonic (150 ml) sodium I-glutamate solu-
tion (pH 7.4) or with dilutions of this solution with Ringer's solution. Microclee-
trodes filled with Ringer's solution were used as controls. Depending on the
current to be used for electrophoresis €5-0.02 pA) their resistance was adjusted
to 5-50 M Q by eutting ofi the tip of the clectrode. The desived current, measured
with a ealilrated galvanometer, was obtained by adjusting the applied potential
(microclectrode negative).

In rats ancsthetized with ureihiane an area of the parietal bone, 1.5-2 mm in
diameter, wasgaremoved with a high-speed dental drill without injuring the dura.
The tip of the eleetrade mounted o a mierodrive was placed under guwidance of a
binocular microscope on the dura; After piereing the dura the tip was lowered
ahout 0.5 mm deep into the cortex

The cortex was fixed by pmfu»lon from the abdominal aorta (Van Hurreveld
and Khattab, 1968h) with 2.5¢% glutaraldehyde i an 0.15 M phosphate buffer
(pI 7.4). The frontal part of the rat was in this way perfused with 250 mi of the
fixative under a pressure of 13 em of mercury. For light microscopy a block
(about 4 X 4 mun) was cut from the cortex at the location of the micropipette.
After dehivdration it was embedded in paraffin and cut parallel with the cortical
surface. The sections were stained with methylene blue and azure IT {Richardson
et al., 1960} . For cleetron microscopy similar but smaller blocks were postfixed at
4°C with 1% 0:0; in the phosphate huffer, dehydrated for 2 hours in repeatedly
chianged acetone and passed through propylence oxide for 1 hour. The blocks were
left overnight in a 507 mixture of Epon and propylene oxide and then embedded
in the plastic. Polyvmerizing was achieved by Keeping the prepavation for 2 davs
at room temperature, then 2 days at 37°, 1 day at 45°, and 2 days at 60°. Thick
scetions (10 ) were cut parallel to the surface on a rotary microtome and
stained as the paraffin sections to Jocate the glutamate lesion. The block was then
trimmed and thin scetions were cut on an LKB TUltrotome, stained with lead
citrate (Reynolds, 1963), and viewed with a Philips 200 electron Microzeope.
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RESULTS
The glutamate efject

Typical glutamate effects were produced by passing a current of 0.25 pA for 1
hour through @ micropipette filled with an isotonic (150 mM ) glutamate solution
introduced about 0.5 nan deep into the rat’s cerebral cortex, well within the cell
lavers. A charge of 9 X 10+ C passed through the pipetie in 60 minutes, Since
the charge on an cquivalent of lons 18 9.65 X 10' C and less than hali the charges
ave carvied by glutamate ions the amount of glutamate deposited was of the
order of 3 % 107" mole, or less than 1 pg.

Light mieroscopy of cortex fixed dircetly after the end of such a glutamate
application and scetioned parallel with the cortical surface showed a region of
avossly swollen structures (Fig. 3, which made this arca stand out as a light
spot about 300 p in diameter. In between the swollen structures were cclls which
<tained more darkly than those in the nonual tissue and appeared shrunken. This
spot witx surrounded by a ring of tizsue which had a gsomewhat denser appeavanee
ihan the normal tissue. The ring also contained shunken, darkly stuined eclls
which were surrounded by a transparent halo, aud a large number of small
frunsparent structures often present in groups, which may be cross scetions of
moderately swollen apical dendvites. The transition between the light spot of
cros=lv swollen struetures and the denser ring was vather sharp.

Electron -micrographs of the central arca of the glutamate lesion showed, as
expeeted,  nunerous grossly  enlarged, clectrou-transparent  structures  (Figs.
12-19). Some of these could be identiied as presynaptic eudings by the vesicles
they enclosed which were often concentrated at the region of the synaptle mom-
Irane thickening Figs. 17-19). Many of these endings contained swollen mito-

chondria, Other distended structures formed synaptic contacts with presvuaptic
cinlines, eharaeterizing them as dendritic in nature (Fig. 18y, However, muny of
the swollen elements coutd not be recoguized because of the lack of an identify-
ing ~tructure. It is likely that some were glial components since the perivaseular
and perinuelear glial eytoplusm, which ean readily be identified, was also grossly
entarged (Figs, 14, 151, Often ruptures of plasma mawmbranes were observed (g,
131 which mayv have ocewrred cither during the glutamate applicatlon or during
The thin nonmyelinated axons and the

the fixation of the distended structures.
al (Pigs, 12,

myvelinated fibers never showed signs of swelling and appeared norm
19y,

The cellz in the glutamate spot were severely affected. Tlectron-dense cells

, and an array of endoplasmic reticulum and

yibosomes, whieh seemed to have been derived from the Nisst substance, were

present- (Figs. 16, 17). Synaptie coutacts with axonal endings identified them as

comata of nerve cells (Fig. 17). Such cells were surrounded by cnormously

could not be identified (Fig. 16). The latter

in light micrographs which were espe-

the spot of grossly swollen clements

containing vacuoles, mitochondria

<wollen struetures which usually
constitute the halos around shrunken eells
cially prominent in the ring surrounding
(Fie. 3). Small, dark structures, often found in between swollen clementz, could
cometimes be identificd as dendrites by synaptic contacts (Fig. 19). It sccmns
ikely that these dark dendrites are processes of the clectron-dense nerve eclls.
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Glia eclls did not exhibit the eleetron dense, hrunken appearance of the nerve
colls. On the contrary, the perinuclear eytoplasm (Fig. 14) and perivascular
endfeet (Fig. 15) exhibited gross swelling and also the smaller glial elements in
the neuropil may have been enlarged. The glinl nucleus, however, maintained a
rather normal appearance (IFig. 14).

Control experiments

Two kinds of control experiments were earried out. In one, a mieroclectrode
filled with Ringer’s solution was introduced into the cortex and currents of 0.25-5 .
pA were pas=zed through it for 1 hour. Some of the resulting preparations showed
no tissue changes of any kind. In others the electrode had produced some injury
which showed up as a small bleeding or as a few swollen tissuc clements. In .
another set of experiments a mierocleetrode filled with 150 m/ glutamate was
introduced into the cortex but no current was passed. In some instances there
were no tissue changes, in others the signs of tissue injury mentioned above were
‘ found. A =small area of swollen tissue clements was observed only in one caze in
which the tip of the clectrode had been cut off. Tt scems hikely that in this
instance the opening of the mieropipette was =0 large thatl sufficient glutamate
diffused oul to cause the tissue reaction. To obtain the typical glutamate lesion
deseribed above it was thus necessary to puass current through a glutamate-filled

miercelectrode.

'} Y T 7Y Y T

Effect of the strength of the electropharctic cwrrent

& i
¢
’ In a scries of experiments curvents of 5-0.02 pA were passed for 1 hour through
o~ micropipettes filled with 150 mM glutamate. The cortex was fixed immediately
' at ihe conelusion of the ghitamate™administration. The appearance of the gluta-
’ mate spot was in all cases the same: an area of wrossly swollen structures
surrounded by a vegion of denser tissue containing darkly stained, shrunken eells
r‘ and numerous =mall transparent tissue clements (apical dendrites). The diame-
(o lere of the glutamate spots varied with the strength of the current. Tigure 1
chows that o lincar relationship existed between the cube root of the current and
~ the diameter of the spot of grossly swollen elements. The wmount of glutamate
i delivered by the electrode 1s proportional to the product of time and current. If

W1 in 1 hour were distributed evenly over a spherieal arca

the glutamate deposite
{he linear relationship between the cube root of the

around the clectrode tip,
current and the dizmeter of the spot would follow.

Tigure § shows a glutamate lesion produced by applying a current of 5 pA for
= minutes through a mieropipette containing 150 mM glutamwate. This spot,

5
f— which featured grossly swollen tissue clements, had a dianeter of 596 p. The
- amount. of glutamate deposited by thig current (1.5 X 10—% C) could have been N
delivered by a current of 0.42 pA for 1 hour. From Fig. 1 it can be concluded that
- such a eurrent would have produced a spot of grossly swollen cellular structures of
{ only ahout 370 j n diameter. This diserepancy may be explained as follows. Since '
: cwrrent in a tissue is almost exclusively earried by extracellular ions (Van Harre-
~ ; veld and Ochs, 1956) the glutamate moves mainly through the extracellular spaces.
; : ; Yrom there it may he taken up by the cellular elements in the spot and also may

ey 4
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Frc. 1. The cube root of the current (in gA) used for the iontophoretic deposition of
glutamate in the rat’s cercbral cortex is plotted ou the ordinate. A micropipetie containing
150 md/ of the nmino acid was used and the current wus applied for 1 hour, On the abscissa
is plotted the diameter (in u) of the area in the glutamate lesion characterized by grossly
swollen tissue elements,

diffuse through the vessel wall into the blood. Assuming that this loss of glutamate
is a funetion of the time that the amino acid travels in the nervous tissue, a greater
loss will be incurred by the same amount of glutamate delivered over an hour than
during a 5-minute period. If the glutamate concentration falls below the threshold
for the gross swelling of tissue elements at the periphery of the spot, the 1-hour
=pot can he expected to be smaller than the 5-minute spot.

Effect of the glutamate concentration in the neropipetle

In another series of experiments the micropipeltes were filled with an isotonic
slut:unate solution and with mixtures of this with Ringer’s solulion resu'ting in
final glutamate concentrations in the micropipettes of from 150 to 10 mM. The
curtent was in all instances 0.25 pA for 1 hour. The cortex was fixed directly
after the glutamate administration. The spots formed hy pipettes fitled with the
various solutions were very much alike in general appearance, consisting of an
area of swollen structures survounded by dense tissue with shrunken nerve cells
(Fig. 10), but differed in diamecter. Figure 2 shows the relationship between the
glutamate concentration in the pipettes and the diameters of the aveas of SYOss
swelling. Since the glutamate concentration in the tissue cannot be expected to he
greater than in the pipette the threshold for gross swelling scems to be below 10
ml/. : _

The amount of glutamate delivered by the mieroclectrode is determined in

addition to current strength and time of application, by the transference number

of the amino acid which is a function of the glutamale concentration in the
nixture of a solution of this compound and Ringer's solution in the pipette, Tess
glutamate is thus released by the pipettes filled with 50 m3f than those with 150
m3f of the amino acid, and even lesz by the 10- and 15-mM pipettes. The loss of
the amino acid to the tissue elements and blood vessels may, therefore, reduee the

7652



~

Y.

> Blasn

R

-y

.

|

e

® B Bl '“)

Yy Y T

o

i |

s

TN
J

[WSYS IS YA WAR LY Py ] LoAadt LALNES A AR AR E 4R

150r
100

50+ .-

! § 1
0905 200 300
Fia. 2. The ghitamale concentration (in wM) in the micropipette used for the deposition
of this-umino acid is plotted on the ordinate. The current was 025 p\. applied for 1 hr. On
the abseizsu is plotted the diameter (in p) of the aren in the glutamate lesion characterized
hy grossly swollen tissue clements.

Ning most quickly with the 10-mM

concentration below threshold for the gross swe
spots in thesc

pipette, accounting for the difference in magnitude of the glutamate

experiments.

Recovery of the glutamate lesion

In a series of experiments glutaunate was deposited in the corlex by a current
of 0.25 pA for 1 hour from a pipette containing 150 m of the amino acid.
animals received penteillin when the

Afterward the wounds were sutured and the
als varyving

wiods louger than 24 hours. After interv
again narcotized with urcthane and the
and electron 1eroscopy.

a ulutamate spot in

recovery was followed for pe
front 6 hours to 15 day= the vals were
rain was fixed by glutaraldebyde perfusion for light

Recorery for 6 howrs. Figure 4 is a light mierograph of
cortex fixed 6 hours after iontophoresiz. The Jesion was smaller than that =hown
in Tig. 3 which was fixed mmediately after the clutzmiate applh ation. Swelling
of the individual tissue clements had deerensed somewhat. Tn the spot and iu the
immedintely surrounding it were dark, shrunken cells. Furthermore,

ring of tissue
ansparcnt structures, probably cross scc

numerous small tr
drites, were still present in the ring.

The électron microscope showed nume
these were swollen presynaptic terminals,
electron-dense structures were foundd, sometimes malking contacet with presynap-
heir dendritie nature (Fig. 207. There was still grossly
glia, although these struciures did not ap-
Cimmediate fixation. The profiles of swall
appeared quite normal.
at the glufamate lesion 24 hours after
ation of the amino acid =tll app ared in the light mieroscope as & light
elements and shruuken dark cells surrounded by
tions of many small transparent struc-

yous gro=sly swollen clements; some of
othiers were dendritie structures. Small

tic terminals revealing t
swollen perinuelear and perivaseular
pear ax devoid of inclusions as after
nonmyelinated fibers were not swollen and
Recovery for 24 kowrs. Figure & shows th
apph
spot consizting of swollen tissue
a ring of tissue which contained cross sc¢
tures (swollen upical dendrites).

e

tions of swollen den-
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In the eleetron microzraphs of a glutamate spot fixed after 24 hours there were
still enlarged dendrites (Figs. 21, 23) which often showed very distinet microtu-

bules. Alzo enlarged presynaptie structures were still present although many had

returned to the dimensions and electron density usually found in glutaralde-
hade-fixed material (Figs. 21, 231, The perivascular glia was less swollen and
contained glveogen granules (Fig. 22). Similar granules were found in the glial
processes i the neuropil and may he present in dendritie struetures (Fig. 21).
There were yelinated fibers which showed a wealth of inclusions, mostly mito-
chondria (Tig. 24), others appeared normal.

Recovery for 2 and 3 days. Figure 6 1s a light micrograph of a glutamate lesion
in cortex fixed 3 davs after iontophoresis. The glutamate spot had lost its lightly
colored appearance beeause it contained no grossly swollen structures any more.
[However, there were mauy more cross scetions of small transparent structures
preseat in the spot than in the surrounding tissue. Many dark cells were found in
the =pot.

The electron micrographs of the lesion fixed after 2 days still showed clectron-
transparent dendrites, and presynaptic terminals with a very uneven distribution
of the synaptic vesicles which has been interpreted as an indication of swelling
(Van Harreveld and Khattab, 19680). Iowever, the grossly swollen structures
abserved during the first 24 hours after the glutamate application bad disap-
peared. Enfarmed clectvon-transparent  dendritie structures and electron-dense
clements, probably also of dendritic nature, were observed in close contact with
or =urrounded by glial eytoplasm containing glyeogen grunules. Tt was surnised
that these struetures were in the proeess of being destroyed by the glia (Figs. 26,
280, :

After an interval of 3 days the swollen dendritic structures and presynaptic
terminals had almost returned to the dimensions expected in glutaraldehyde-
fixedd materinl. There were still present opague dendrites and eleetron-dense
nerve colls which contained numerous ribosomes, and were surrounded by clee-
tron-transparent structures (Fig. 23). Although enlarged, the latter structures
were Jess swollen than thosze found in ems of cortex fixed immediately after the
ahutauate application (Fig. 16). The =welling of the perinuclear glial eyvtoplasm
haud regresscd and it now contained more inclusions (Vig. 25). Also, the swelling
of the perivaseular glia had disappeared. The nonmyelinated small axons looked
quite normal (Fig. 273,

Recovcry for 1 week. The glutamate lesion in light micrographs still contained
sl transparent stractures (Fig. 7). The number of cells scemed to have in-
ereased ns compared with the glutamate spot after 3 days, possibly due to ghal
eells which migrafed into the tissue.

The ems of the glutamate spot after an interval of 1 week showed dendrites
which contained unusually distinet microtubules. The latter sometimes exhibited
an uneven distribution which may be indicative of moderate swelling (Fig. 29).
The presynaptic terminals showed mostly a more or less uniform distribution of
svnaptic vesicles although in some the vesieles were aggregated on one side of the
structure. The slight to moderate swelling suggested by the uneven distribution
of microtubules and synaptic vesicles may have been due to the fixation by

T
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glutaraldehyde perfusion which itself causes an uptake of extracellular material
by dendrites and probably also by presynaptic terminals (Van Harreveld and
Khattab, 1968b; Van Harreveld and Steiner, 1970). Remnants of the electron-
dense nerve eells and dendrites were in elose conneetion with or enclosed by glial
cvtoplasm, often containing glycogen granules (Figs. 30, 31, 32). Some glial
elements (reactive astrocytes) contained numerous fibrils, The perivascular glia
which had regained its usual clectron density contained many ribosomes, some-
times arrayed on the endoplasmic reticulum, Cellular structures (macrophages)
containing transparent, round vacuoles which may have been fat drops, were
often found in the immediate vieinity of the vessels {Iig. 30). The vacuoles were
so large that they could be scen with the light microscope, In addition to normal
myelinated fibers some grossly abnormal axons were present.

Recovery for 2 weeks. The density of the glutamate spot was similar to that of
the surrounding tissue in light micrographs of cortex allowed 2 wecks for recov-
ery (Fig. 8). There were cross sections of many small transpavent tissue eleinents
i this arca. No normal-appearing nerve cells were found in the spot, and the
number of small dark cells had declined as compared with the tissue fixed after 1
week. o » S

The ems of a glutamate lesion fixed 2 wecks aftor iontophoresis were not
greatly different from those perfused after a I-week interval, The microtubules
in the dendrites were still quite distinet. Reactive astrocyles were present, as
were remnants of electron-dense nerve cells and dendrites.

Effects of damage to the cortex

In preliminary experiments the dura, intact in the results reported above, was
removed before the introduction of the microclectrode into the cortex. This re-
sulted frequently in minor dmmage to the brain tissue and the pial vesscls,
Preparations of these cortiees examined with the light microscope often showed
nregular lightly stained lesions which resembled the elutamate spots. Numcrous
cellular clements were swollen, although less severely than those in the center of
the elutamate lesion. Furthermore, these arcas were characterized by dark,
shrunken eells surrounded by a light halo (Fig. 11).

Eleetron micrographs of this region exhibited similar features as found in ihe
glutamate spots. Electron-denze nerve cells, with endoplasmic reticulum and
rilwzornes reminizeent of the Nisil substance, were suwrrounded by enlarged tissue
clements. Such structures may correspond to the dark cells surrounded by a hight
halo scen in lght-microscope preparations (IMig. 11). There was swelling of pre-
awd postsynaptic structures as well as of perivaseular glia. Broken membranes

were often seen. These tissuc changes, although very shmilar, were less severe _

than those observed in glutamate spots.
DISCUSSION

It was suggested that at the periphery of the area in which grossly swollen
tissue eclements were found the glutamate concentration is threshold for ihis
particular reaction. The glutzanate may spread heyond this houndary, however,
where it could be above threshold concentration for other reactions of the tizsue.
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The center of the glutamate spot which contains the grossly swollen dendritie
elements, presynaptic structures and glia; and in addition, shrunken nerve cells
15 surrounded by a ring of less severely altered tissue which contains shrunken
cells and many small transparent tissue clements. In the normal tissue around
the glutamate lesion cross seetions of apical dendrites appear as roundish, trans-
parent structures often bunched together in groups in sections cut paralle} with
the cortical surface. The small transparent tissue elements in the ring rezemble
these apical dendrites although they are somewhat larger and tend to be present
in greater numbers, It is suggested that these elements are apical dendrites which
are moderately swollen. Dendrites =0 small that they remain unnoticed in the
normal tizsue may in this way become visible. These findings could he explained

by the assumption that the threshold concentration of glutamate for cell shrink-

age and swelling of apical dendrites is Jower than that for the gross swelling of
the tissue clements in the center of the spot. Such preparations were obtained
after n velatively long (1 hour) ecleetrophoretic appheation of the amino acid
g 31. When a comparable amount of glutamate was deposited in 2 much
shorter time (5 minutes) no distinction of a central spot of grossly “swollen
dendrites with a ring of tissue containing shrunken cells eould be meade {(Fig. 9.
By applying the amino acid in a short time a more caqual distribution of gluta-

smate in the affeeted avea can be expeeted sinee there is o time for an apprecia-

ble loss of the amino acid from the tissue due to absorption by cellular elements
and diffusion through the vessel walls, The concentration in sueh experiments
may, therefore, remain above threshold for the grozs swelling of tissue clements
in the entire area through which the amino acid spreads.

It scems evident that the gross swelling of the tissue elements in the center of
the glutamate lesion cannot have been accomplished by uptake of the local
extraeellular material. It seems possible that the surrounding tissue supplied

~ome of this material. This might account for the ring of denser tissue which

often surrounds the eentral glutamate spot (Fig. 3). It is also po==ible that part
or all of the material which made the gross swelling of tissue elements possible
wis derived from the blood vessels. '

It has been postulated that the anatomical changes observed during asphyxia-
tou {and spreading depression) of eentral nervous tissue are due to a1 release of
chitimate from the intracellular compartinent (Van Harreveld, 1959, 1966,
16700, Although the effects of cleetrophoretic injection of glutamate into cercebral
cortieal tissue have a certain resemblance to those of asphyxiation, there are
some differences. In the center of the glutamate spot there is a gross swelling of
dendritie, presynaptic, and glial claments, whereas asphyxiation and spreading
depression cause only a more moderate swelling of apical dendrites (Van Harrev-
eld. 1957, 1958). It is possible that this difference is caused by differences in the
glutamale concentrations in the tissue under these circumstances. This possibility
1s xupported by the presence of numcrous trangparent structures, probably cross
sections of moderately swollen apical dendrites, in the ring of tissue surrounding
the eenter of grossly swollen elements where the glutamate concentration ean he
expeeted to be snialler. Another difference is the presence of dark shrunken cells
in and avound thé-center of the glutamate spot. Asphyxiation was found to eause
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“a transport of water into the somata of nerve cells (Van Harreveld, 1957),

whereas the glutmmate injeetion caused cell shrinkage. This may also be duc to
differences in glutamate concentrations under the two sets of circumstances.

It is of interest that the numerous nonmyelinated nerve fibers present in the
cortical tissue are not affeeted by glutamate application. Also asphyxiation and
spreading depression never resulted in swelling of nonmyelinated axons (Van
Harreveld et «l., 1965; Van Harreveld and Mathotra, 1967; Van Harreveld and
Steiner, 1970). Some myeclinated fibers in glutamate spots fixed some time after
iontophoresis exhibited a normal appearance, others showed gross changes (Fig.
24). The former may have been axons just passing through the spot, whereas the
Jatter may have arizen from cells in the glutamate lesion which are affected by
the amino acid. _ . -

Although there arc differences in the histological and electron-microseopic
changes caused by asphyxiation and spreading depression and by glutamate
injection, they may be explained by differences in the coneentration of the amino
acid in the tissue. The cffects of glutamate injection scem to support i general
the thesis that the tissue changes eaused by asphyxiation (Van Harreveld of al.,
1963; Van Harreveld and Malbotra, 1966, 1967; Van Harreveld and Steiner,
1970}, spreading depression {(Van Harreveld and Khattab, 1967) and possibly by
fixation with glutaraldehyde (Van Harreveld aud Khattab, 1868h; Van Harrev-
eld and Steiner, 19707 are due to a relewse of glutamate from the intracellular
into the extracellular compartment.

It 1s interesting that nerve eclls and some dendritic elements beeame shrunken
and eleetron dense whereas other dendrites beeame swollen and electron trans-
parcut. It can be surmised . that the dark dendrites are processes of the dark
shrunken eells located i the glutamate lesion, whereas the swollen dendrites ave
apical dendrites of cells situated mn the deeper layers of the cortex which are not
dircetly affeeted by the amino acid. This was supported by preparations of
cortices, cut at right angles with the surface, in which darkly stained apical
dendrites were ob=erved to arise from dark, shrunken nerve cells. The changes in
the nerve cell and dark dendrites ave clearly deleterious. They often are con-
tacled or eonclosed by glial elements, suggesting that they ave being phagoeytized
and removed. 1n the glutamate spot 2 weeks after the glutamate application no
notial nerve cells were present. The present observations are in good agreenent
with the reports of a serious deleterious effeet of svstemically administered

-glutamate on central nervous tizsue. Orally or intravenously administered gluta-

mate can reach the tissue only as long as the blood-brain harricr is not devel-
oped. When given to infant mice thiz amino acid caused irreparable degeneration
of nerve cclls as first observed -by Luecas and Newhouse (1957) in the retina.
Acute neurvonal neerosis in several regions of the infant mouse and monkey hrain
were deseribed by Olney (1969) and Olney and Sharpe (1969). The ncerosis of
nerve eclls obzerved under these cireumstances may be identieal with the cffect of
clectrophoretie slutamate administration observed in the present experiments,
With the exception of the effects on the nerve eells, the results of glutamate
administration to the cortieal tissue are reversible. The grossly swollen tissue
clements in the center of the spot tend to regain more normal dimensions, al-
though (his may take several days. This is perhaps not surprising since most of
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these nervous clements are derived from somas situated outside the glutamate
lesion and, therefore, not dircetly affected by the amino acid. '

Several authors have deservibed “dark” heurons in light-microscope prepara-
tions of central nervous tissue, Cammermeyer (1962) reviewed the extensive
literature and presented evidenee that such dark cells ave the result of mechani-
cal damage to the tissue. Mugnaini (1965) aud Cohen and Pappas  (1969)
showed that the dark cells appear i ems as cleetron-dense neurons, These cells
resemble the dark neurons in glutamate spots, including the presence of a

' “shrinkage space” surrounding the ccll, which corresponds to the halo in the
present paper. The electron microscope showed that this halo is not a space, but
. consists of grossly swollen tissue clements, A comparizon with the light- as well
as with the electron microscope coufirmed the identity of the dark cells caused by
tissue damuge in the present paper with those produced by iontophorctic gluia-
mate injection, although the changes tended to be more pronounced in the latter.
This observation suggests a mechanism for the formation of dark cells in dam-
aged tissue. Mechanical deformation may release glutamate from the intracelly-
. lar compartnent, as also seems to occur during asphyxiation, spreading depres-
sion and fixation. Since the latter are not characterized by the presence of dark
cells it can be surmised that mechanical damage tends to cause a greater gluta-
mate release than asphyxiation and fixation, resulting in a concentration of the
amino acid in the extracellular spaces high enough to result in the formation of

dark cells.

The mechanism by which glutamate causes the changes which result in the
dark cells is obscure. However, a suggestion can be offered for the formation of
the halo. Glutamate application to the reting causes a release of labeled gluta-
mate with which the tizssue has previously been charged (Van Harreveld and
Fitkova, 1970). Such a process with positive feedback may vesult in the build-up
of a high concentration of the amino acid around the damaged neurons, whicly in
turn may lead to gross swelling of the tissue clements i the neighborlicod of the
cell, thus ercating the halos.
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Fios. 3-6. Light micrographs of rat cerebral cortex. The tissue changes were produced by
r the eleetrophorelic injection of glutamate, In all instunces u cunent of 025 A was applied
P 3 for 1 Lowr through & micrapipette filled with 1530 mM glutwnate. The cortex shown in Fig. 3
b was fixed by perfusion with gluiaraddehyde immediatddy after the glutamate application, the
ti==ue in Fig, 4 was fixed 6 howrs after the end of the injection, the cortices shown in Tigs. A
and 6 were perfused after 12 hours and 3 days, respectively, The calibration line in Fig. 3
indicates 100 4.
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Fies. 7 and 8. Light. micrographs of the.cffeet of glutamale application as deseribed for
Ties. 3-6 (025 A for 1 hour, throngh a micropipette filled with 150 mW glutamate). The
cortex shown in Fiz. 7 was fixed 1 week, that in Fig. 8 was perfused 2 weeks after iontopho-
resiz. The ealibration line iu Fig, 7 indicates 100 g,

Tre. &, Light micrograph of corfex into which ghitimate was injected from a pipette
containing 150 mM of the amino acid. The current was 5 pd, the duration & minutes. The
magnification is given by the calibration line in Fig. 7 (100 w).

Y. 10, Light mierograph of cortex into which glutamate was injected from a micropi-
pette containing 15 mM of the amino acid (made isotonic with the Ringer salis). The current
was 025 gA, the duration 1 hour. ‘The magnifieation s the sane as in Fig. 7.

Fig, 11, A cortical region is shown will changes due to damage of the cortex and pial

vessels. The cortex was perfused with glutaraldehyde 1 hour after juflicting the damage. The

magnification is the same as in Fig. 7.
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Figures 12-32 show electron micrographs of cortex affceted by an electroplioretic glutamate
injection. Tnoall the experiments yvielding these ems the micropipette was filled with 150 maf
glutamate, and « current of 0.25 xA was applied for 1 hour. Hawever, the interval between the
end of the injeetion and fisution by glutaraddebyde perfusion was ditferent. Tn Fies, 12-15 the
cortex was fixed immediately after the jnjection.

The following abbreviations are used in Figs. 12-32. A, nonmyclinated axons and axon
fields; BBV, blood vessel; CP. evtopluzm: D, dendrites; ER. endoplasmie reticulum; G, glia;
M, mitochondria; MA, myelinated axon; MT, microtubules; N, nueleus; PO, postsynaptie
structures; PR, presynaptic terminal; SV, synaptie vesicles; V, vacuole,

Fra. 12, Faormously swollen, clectron-transparent tissue clements, some of which ean be
identified as presypaptic terminals by the svhaptic vesicles they contain. Tn addition to these
swollen cleraents there are much smaller structures, which are less eleetron-transparent. proba-
bly nonmyelinated axons. Also, a mvelinared nerve fiber is present. The calibration line
indicates 1 u,

6. 13, Break in a plisma membrane {indicated by the arow); such breaks
quently observed in this material. The calibration line is 0.5 .

Fro. 140 Glin cell with well-prescived nucleus.

ave fre-

The two components of the nuelear mem-
brane shew o varying separation, The evtoplasta looks rather normal in some regious, in
others 1t is grossly swollen and electron-transparent. Calibration 1 “e ’

Pw. 15, Capillary surrounded by perivascular glia. whirh iz partly enormousty swollen,
Calibration 5 4. . :

i, 16-19. Eleetron micrographs of glutiinate-injected cortex perfused with glutaralde-
hyde immediatedy after the appheation of the anmino aeid,

Fri. 16, Shrunken clectron-opaque nerve eell or lurge dendrite containing some vacuoles
ael nitochondrin, This strueture is surrounded by grossly swollen elements which cannot be
identifict. They contain distended mitochondria and endoplasinie reticulum. The ealibration
Hne is 1 p.

Fra. 17, Another shrunken nerve cell at Ligher maguification. It contains vacuoles and
ribosomes in a conticuration resembling that of N substuance. .\ presvnaptic terminal forms
a synapse with this eell. “The ealibrdion Hue indicates 05 Q.

Fia. 18, An enlarged presvuaptie termiual containing synaptie vesicles and a mitorhon-
drion forms a synapse with a grossly swollen dendritie structure which contains swollen
mitochondria. The ealibration Hne indicates 05 u.

Fie. 10, Swollen presymaptic terminals, two of which synapse with an electron-dense
structure probably n dendritic hranch of a shrunken nerve cell. Other grossly swollen
structures are prescut which cannot be identified. Some nobmnelinated axons do not show
auy swelling. Calibration 0.5 . :
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fixed 6 hours after the administration of the amino
1 postsynaptic structures. An
iform distribution of the

Tia. 20, Glutamate-injected eortex
acid. The figure shows swollen, clectrou-transparent  pre- anc
axonal terminal which does not exhibit signs of swelling (nearly wn
synaptic vesicles) synapses wiih an electron-dense structure, probably a dendritic branctdof a
shrunken nervve cell. The ealibration line indicates 0.5 u.

Figures 21-24 show cms of glutamate-injected cortices perfused with glutaraldehyde 24

Lours after the end of the amino acid administration.

Tis. 21. A swollen postsynaptic structure contacts an axonul ending which is not mark-
edly swollen. Other pre- and postsynaptic structures are present; many have a rather normal
glycogen granules. One of these scems to

appearance. Flements are present containing
ndritic in nature, others may be glial.

svnapse with an axonal terminal and thus may be de
The calibration line indicates 1 p.

Tia. 22. Blood vessel with peii -aseular glia, which is much less swollen than in Fig. 15,
and contains numerous glycogen eranules. The calibration line indicates 1 4.

Frc. 23. A swollen dendritic structwre exhibiting microtubules forios a synapse with an
axonal terminal which does not, show obvious swelling. Calibration 0.5 u. )

Fio. 24, Part of a myelinated fiber containing numerous inclusions, some of whicli appear
to be mitochondria. Calibration 0.5 .

Figures 23-28 show glutamate-injected cortices fixed by perfusion with glutaraldehyde 2

days (Figs. 26 and 28) and 3 days (Figs. 25 and 27) after {he administration of the amino acid.

Tic. 25, Shrunken electron-dense nerve cell or large dendrite containing vacuoles and mito-
chondria surrounded by numcrous rmoderately swollen struetures which defy identification.
Adjacent to this cell is a glin cell with a well-preserved nucleus and cytoplasta which scerns
Sightly swollen. Calibyation 5 .

Ti6. 26. Swollen deudrite svinapsing with 2 normal-appearing presynaplic {erminal. Adjacent
to this swollen dendrite i3 an clectron-dense structure which may be a proeess of a shrunken
nerve cell, These structures are swrrounded by glia clements containing numecrous glycogen
granules. The calibration line indicates 1 .
¥ic. 27. A ficld of nonmyelinated axons which Lave a normal appearance. Calibration 0.5 p.

28 auules, debris of shrunken

Tra, 28, A glia} clement which inctudes, in addition {o glycogen gr
clectron-dense nerve cells or dendrites. The calibration line indicates 0.5 p.

Figures 20-32 show glutamate-injected cortices fixed 1 week after the amino acid adminis-

tration.

Tic. 29. A number of dendvites with unusually distinct microtubules. Some of the den-
drites are probably slightly swollen (nonuniform distribution of the microtubules). Several
rather normal-appearing presynaptic Lerminals ave present. Calibration 1 .

t16. 30, Capillaty with perivascular ghia and macrophage exhibiting an endoplasmic retic-
ulum lined with ribosomes. Af thisstage these cells uiten contain numerous vacuoles and debris of
shrunken nerve cells. The calibration lue indicates § .

Y. 31. Part of a glia cell is shown with a.well-preserved nucleus and cytoplasm which
containg ribosomes and vacuoles. The dark reaterial enclosed in the cytoplasm may be
residues of nerve cells. There are pre- and postsynaplic structures same of which seem
moderately swollen. Calibration 1 p.

Fie. 32. Many electron-dense structures are pre
nerve collz or dendrites. They are often in cloze
glycogen granules. Qlivhtly swollen structures are presen
have a normal appearance. The calibration lne indicates 1 p.

cont which may be parts of shruuken
contact with glial clements contaiming
+ but most of the tissue elements
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THE METABOLISM OF GLUTAMIG AGID *

HervricHw WAELSCH
M.D., Ph.D. Prague
From the Department of Bioclemistry, New York State
Psychiatric Institute

Durme the past five years my colleagues and I have
been studying the metabolism of glutamic acid with
particular atlention to its relation to the nervous
pystem. Our interest in this subject was stimulated
partly by the beneficial effects of giving this amino-acid
to certain types of epileptics and mental defectives
(Price et al. 1943, Waelsch and Price 1944, Albert et al.
1946). Since most of the diseases of the nervous system
have no known counterpart in the lower animals, the
biochemist interested in the fundamental mechanisms
responsible for the normal and abnoymal reactivity of
the nervous system has to rely largely on clinical
information and is handicapped by the impossibility of
experimenting on animals. The lack of methods for an
objective assessment of functional changes in the central
nervous system presents a further difliculty. Though
the clinical obzervations on the effect of glutamic acid
have served to orient our hiochemieal studies, it iz beyond
my intention or ability to dizcuss glutamic acid as a
therapeutic agent.

GLUTAMIC ACID IN EPILEPSY

Five years ago (Price et al. 1943) we suggested a study
of the cllect of dl- glutamiec-acid hvdmcb.oude in patients
with petit mal. ’lh]\ sugeestion was made partly because
investigations with the aid of the tissue-slice technique
hait shown that glitamic acid is the only amino-acid
capable of taking the place of glucose in maintaining
tho respiration of brain-cortex slices (Weil-Mallierbe
1936). It was also known that an enzyme system
which converts glutamie acid into the amide—glutamine
{Krebs 1935)-—is present in the brain.

2f particular interest was the change in mental status
cbserved in epileplics given glutamic-acid hydrochloride
by mouth.

“ Universally mental and physical alertness was increased.
"The degree of umprovement cannot ba correlated with the
incidence of seizures. . . . Usually the patient is noted to
I moro encrgetie and happicer, mood swings aro less pro-
nounced, behaviour mannerisms are ameliorated, and he is
1aore congenial with ussociates.” (Prico ot al. 1943.)

Later it was shown that the naturally eccurring form of
glutamic acid was as effective as the racemic dl-glutamie-
acid hydrochloride, and it had to be concluded, therefore,
thut the beneficial effect might be -aseribed o that
form of glutamic acid which is present in the proteins
of the mammalian body and of food (Waelsch and
Pr.ce 1914)." With this form of glutamic acid there

3

- was also found the improvement in personality noted

before with the dl-glutamic-acid hydrochloride. The
amount of glutamic acid given to the patients ranged
from 9 to 12 g. a day, whereby the daily intake of
dictary glutamnic acid was inereased by about 30-1009.

From clinical reports it appears that some patients
with petit mal are benefited by the administration
of glutamic acid by mouth. The average incidence of
‘seizures is cut down, but it should be emphasized that
tho seizures are rarely eliminated completely. Further,
it is noteworthy that seizures of the grand-mal type are

not affected.

GLUTAMIC ACID IN MENTAL DEFICIENCY

Since it appeared possible that the removal-or improve-

ment of an epileptoid mechanisin was the reason for

* Dased on a lecture presented at the Institute of Paychiatry,
Maudsley Mospital, London, on Juue 15, 1048, Tho studies
reported hers were supporfed by grants from the Rockefeller
}Qundau-m, tho New York Foundation, and the Willlams-
Waterman Fund of the Rescareh Corperation.
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the apparent nnprovenmnt of the mental status the effect
of glutamic acid was tested in mentally retarded persons
without any history of convulsive disorder.

In a first preliminary study 10-12 g. of glutamic aecid
was given by mouth to 8 mental defectives. Its adminis-
tration was preceded or followed by a period during which
a placebo (lactore) was given (Albert et al. 1946). Each
person served as his own control; thus the effect of
repeated psychometric tests could he assessed. An
attempt was made {o select mental defectives suspected
of a deficiency of the secondary type. The study of
7 of the 8 patients was completed, and it was found
that, when glutanic acid was given, the patients’ L.Q.
seore rose 5--17 points (15-35%, of the original base
level) and dropped to almost the original level when
the glutamic acid was discontinued or placebos were
substituted (see also Zimmerman ct al. 1946, 1947).

These findings warranted a study of the effeet of
glutamic acid on a larger group of mental defectives,
unselected except for the exclusion of all who had a
bistory of convulsive disorders. Buch & group was
made available to us by the Bureau for Refarded
Children, Board of Education of the City of New York.
Table 1 gives the preliminary results of this study, which
is still bemg continued. The 1.Q. seore of 30% of the
children on glulamic aeid rose 5 points or more, whereas
none of the children on placebos showed a comparable
gain in mental performance. - Of § children who benefited
from the administration of glutamic acid 8 regressed back
to the original 1.Q. level during a subsequent placcbo
period. The psychologist who tested tho mental per-
formance wus not informed whether the children were
receiving glutamic acid or placebos.

MODE OF ACTION ON BRAIN

The effects of glutamie acid in epileptlics and in mental
defectives were observed after the administration of
glutamic acid by mouth. Maver-Gross and Walker (1947)
have shown that glutamic acid gven intravenously to
patients in insulin coma restores counsciousness at a
considerably lower blood-sugar level than when glucose
is used. This eficet, however, is not specific for glutamie

acid, since it may be obtained with other amino-acids-

(W. Muyer-Gross, personal communication). At present
there is no experimental evidence to indicate a direct
effect of glutamic acid on the brain in the intact organism.
Though the adminisiration of glutamic acid by mouth
produces an inercase of its conceniration-in the blood
(see below) it may affect the brain indirectly by an
effect on the metabolisin of some other organ. It should
be emphasiced that in all our experiments the free
amino-acid was given, and the guestion arises whether
the sanie effect would be obtained from the same amount
of glutamic acid bound in a protein.

On the present experimental evidence we cannot
state that the effect of glutamie acid is specific. Many
other substances metabolically related or unrelated to
it may well have similar effects. On the other hand,
there are few metabolites in carbohydrate and amino-
acid metabolism which are not linked by some biochemical
mechanism with glutamic acid, so it appears justified to
concentrate at present on thoe study of glutamie acid.

If we asswme that glutamic acid exerts its effect
after its absorption through the intestinal wall and not
by modifying the absorption of other compounds or
by influencing the intestinal flora, and if we assume
further that its calorigenie action is not responsible,
we are faced with an interesting biochemical problem.
Glutamic acid is one of the amino-acids which can be

synthesised in the body ; and only under very special

couditions, when glutarmic acid and all of its metabolic
sources, suclh as ornithine and proline, ave exciuded,
does the absence of ghutaic acid aficet the growth of
rats (Womack and Rose 1947). Such is surely not the

77577787
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TABLE I—EFFECT oF GLUTANIC ACID AND PLACEBOS ON
AMENTALLY RETARDED PERSONS (rQ. BANGE 18-38; c.a.
"RANGE 6-17)

——

7

; ]
First period (4 months) | Glutamie acid . Placebo
No. of persons . . .. .. 20 ‘ 27
No. of persons showing incresse
of 5 points or tnore . . .. -9 ! 0
No. of persons showing decrease [ |
of 5 peints or more . . e ] | 1

Second period (4 months) { Placeho Glutamic acid
No. of persons .. .. ] 3 16
No. of persons showing inereage 1
of 5 points or more .. . 0 2
No. of persons showing decrease ' i
of 5 points or more . . e 3 ! 0
] .

situation in those patients whose mental performance
18 benefited by the administration of glutamic acid,
sinee, in addition to the amounts available from synthesis
in the body, they are receiving a large quantity, probably
a multiple of the administered dose, in the protein of
the food. It therclore scems that, in this instance, the
addition of a body component which is supplied in large
amounts Ly the diet and is also synthesised in the body
may €xert a beneficial effect if added in relatively small
amounts 1o the diet, .

A study of the metabolism of glutamic acid cannot
be dissociated from that of its amide, glutamine, which
veeurs in considerable concentration in profeins and in
the non.protein fraction of prlant and animal tissucs,
There are enzyme svatems Iin mammalian tissue which
couvert glutamic acid into the amide or split the amide
Lo glutamie acid aud ammonia (K1ebs 1935). Fhe ilpor-
tance of glutamine has been emphusized by the finding
that it is an essential nutrient for certain Inicro-organisms,
and in thiz respect s Place cannot be taken by glutamie
acid (Mellwain et g, 1839),

ABSORPTION AND DISTRIDUTION

As a first step in the study of the utilization and
metabolism of ghitamic acid and glutamine, their
absorption and distribution in the tissues were studied.
Betfore Yeporting this aspeet of our study, T wish to
discuss the concentrations of ghutamic acid and glutamine
in the blosd-plasma  of epileptic and non-epileptic
persons (table 11; for methods of determination “ree
Prescott and Waelsch 1946, 1947).

For comparative purposes the concentration of an
essential amino-acid, phenslalanine, was determined.
Neither in the absolute values, nor when the amount of
the analysed amino-acids was expressed as a percentage
of the total amino-acids, was any ditference found belween
vormal persons and epileptics.  One point deserves
particular atténtion--the ratio between glutamine and
ghitauiic acid. The amount of glutumine in plasma
was about ten times that of glutawie acid, and similar
1atjos were found in ox, cat, and rat blood. 'T'his finding
may be of particular significance, since the amide does
net take part in mauy of the metabolic reactions in
which glutamic acid is a Epecific substrate (see below).
On the other hand, a varying but large part of glutamic
acid in proteins is Present as glatamine, and therefore

DR. WAELSCH : THE METABOLISM OF GLUTAMIC ACID

- between glutamic acid

[sory 2, 1849

different ratios of the two compounds are offered in the
dietary proteins. :
The question arose whether any interconversion accurs
and glutamine during their
absorption through the intestinal wall (Bessman et al.
1948).  Glutamic acid or glutamine was introduced

‘into the small intestine of cats, and the plasma of the

portal blood was analysed for its content of glutamic
acid and glutamine, 15 and 30 niinutes after the introdue-
tion of the two compounds (table 11r). Glutamic acid and
glutamine were absorbed independently of cach other
since itnmediately after the introduction of either com-
pound there was g sharp rise in the plasma concentration
of the administered substance only. - When glutamic
acid was given, thero was a drop in glutamine concentra-
tion after 15 minutes, followed by axige above the baseline
after 30 minutes. This decrease in the 15-minute values is
interpreted as a shift of glulamine from the plasma into
the tissues,

A similar decrease has been found also in peripheral
blood after giving glutamie acid by mouth to man, and
this appears to be part of a general pPhenomenon, since

TABLE ITI—CONCENTRATION OF FRER GLUTAMIC ACID (ACID)
AND GLUTAMINE (AMIDE) IN PLASMA OF PORTAL VEIN
(CAT) AFTER INTRA-INTESTINAL ADMINISTRATION OF 100 MG,
OF GLUTAMIC ACID OR OF GLUTAMINE

Values exprossed as mg. per 100 ml. of plasma *

—_ ! Glutamic acid given ‘, Glutamine given

|
Cat no, ‘ 1 i 2 ; 3 4
BT ) (N S R R
i | ; I ‘ i
Min, | | ! : J o
“d‘;lfl‘i;;l?u_f Acid P Amide. Acid - Amide! Aeld | Amidel Aciq ! Amide
s ! i i
tration | I’ ' | ' f
A L R T R I o S s
15 1129 | ga | gl 1 'Ea ’ 39 1127 1 1.0 {123
30 | 143 l 130 ERRIRREE ! 31 1258 | 18 f 38

* Per ceni. biood-cells in cat no, 1 al 0, 15, 30 minutes: 44, 38, 35.
In catsno, 2-4 ; change in blood-cell volume smaller than 3¢,

an inereased concentration of glulamic acid is accom-
pauied by a fall in the levels of glyeine and residual
amino-acid nitrogen (Christensen et al. 1948),

The significance of this finding is still obscure. The
increase of the glutamine concentrations at 30 minutes
over thoe values at 0 time is interpreted as the mobili-
sation of tissue glutamine or the release of glutamine
formed in the organs from the administered glutamie
acid. We may assume that glutamic acid and glutamine
are liberated from tho dietary proteins by the enzymes
of the digestive tract without extensive interconversions;
and our experiments show that, the amide and its parent
amino-acid may be absorhed without significant changes.
This may mean that the administration of 10-15 g.
of glutamic acid by mouth, a’small amount compared
with the potential intake of glutamic acid (glutamio
acid plus glutamine), may increase the relative amount
of glutaniic aecid considerably.  Administration of an
additional 10 g. of glutamic acid with- 100 g. of food

TABLE IT—FREE GLUTAMIC ACID, GLUTAMINE, PHENYLALANINE, AND TOTAL AMINO-NITROGEN IN PROTEIN-FREE °
PR FILTRATES OF HUMAN PLASMA -

e e e,

Glutamic acid Glutainine
- Phenylalanine Amino-nitrogen
NE B NE ’ E
No. of samples .. 1 .19 12 | 18 17 17
Hange (nig. per 100 ml.) Q-4-1-7 0-3-1-2 £-5-10-6 z 4-8-10-1 0-6-1-3 3-4~5-2
Mean (g, per 160 1l.) 07 07 8-0 3 0-95 4-2
Btavdard crror Ve £ 007 * 0-05 + 03 [ * 04 6-08 +01

NE, uon-epileptics ; 1, epileptics.

7787

" AR A L ety st e - s o oy e .

I PN W LTI L mren e v o —— e e,

T e

QT

P

T A T e oty T




ST T

B

.

.

R

.

|

TNTT1OTY T Ty Y Ty ) ""}
) |

-

THE LAXCET]

AND GLUTAMINE {AMIDE) IN PLASMA OF PERIPHERAL BLOOD
AFTER ADMINISTRATION OF GLUTAMIC ACID BY MOUTH TO
RBUMAN SUBJECTS {1 . peR 10 k3. o BODY-WELGHT)

Values expressed as mg. per 100 ml, of plasma

|
Hours# Subject 1 Subject 2 { Subject 3 * Subject 4

after |
adminis- ——— ’ —
tration | 454 Amide] Acid | Amide! Acia [ Amide| ‘Acid !Amjde
0 06 | 84106 | 206 | T2 [ 84 | 08 | 103
1 100108 1 12 | 140 | 501 58 95 | 53
2 1:0 | 89 | 08 | 113 | 07 G~3‘ 10 | 100

protein, containing 10 g. of glutamine and 10 g. of
glutamic acid, increases the intake of potential glutamic
acid from 20 to 30 g. but doubles the intake_of the
amino-acid itself. . -

LEVELS IN BLOOD AND TISSUES

" As the next step in tracing the pathway of glutamiec
acid, the changes in the peripheral blood were determined
after the adininistration of glutaniie acid by mouth
(Bessinan et al. 1948).  Glutamie acid 1 g. per 10 kg. of
body-weight was given by mouth to four human subjeets,
and the concentrations «f glutamic acid and glutamine in

“the plasina of the peripheral blood were determined

1 and 2 hours afterwards. The amounts given corre-
sponded to two or three timnes the dose given to epilepties
or to mental defectives. :

In all four experiments (tablo 1v) the administration
of glutamie acid led to an inercase in the glutamic-acid
content of the peripheral blood, but the extent of the
inerease varied considerably. In those oxperiments in
which only a small rise in the glutamic-acid level was
found a concomitant significant inerease of glutamine
was obzerved ; but where the glutamic-aeid level rose
considerably the glutamine values decreased at first
and increased later, Here the picture was very similar
to that found in the portal blood of cats after the infra-
intestinal administration of glutumie acid. The fall in
the plastua-glulamnine level, whick appears to be accom-

“panied by a fall in the levels of other amino-acids, may

be a clue to the effect of giving glutamic acid., These
findings indicate tle discouraging complexity of the

TABLE V—1ISSUE DISTRIBUTION OF CLUTAMIC ACID (acID)
AND GLUTAMINE (AMIDE) AFTER INTRAVENOUS INJECTION
IN MICE (1'3 M@. PER G. oF BODY-WEIGHT)

Values expressed in mg. per 100 g.

: Glutamic acid given Glutamine given
Min.after | T e e
administration i |
X Acid Amide ! Acid | Amide-

s Brain

0 145 . 53 | 145 53

15 153 80 ! 140 - 118
Liver

0 19 35 | 19 RE3

15 70 32 ; 300 . 80

changes resulting from the adwinistration of glutamie
acid.

The administration of glutamic acid by mouth may
increase both the glutamic acid and glutamine con-
centrations in the peripheral blood, thereby fulfilling a
condition obligatory for an eflect of glutamic acid on
the brain. A direct influence of ghntamic acid or of
glutamine on the metabolisin of any organ can ounly be
expected after the entry of these compouuds iuto the
organ, , ‘

The uptake of glutamic acid and its amide by tissues
was studied by tissue aunalyses after the intravenous
admipistration of the two compounds. It should he

DR. WAELSCH @ THE METABOLIEM OF GLUTAMIC ACID

TABLYE IV-—CONCENTRATION OF FREE GLUTAMIC ACID (acip) .

7787
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kept in mind that the intravenous injections of ‘large
amwounts of a single amino-acid ereate unphysiological
conditions. Different results may be obtained when the
amino-acid and its amide are accompanied by all the
other protein compouents, as under physiological con-
ditions. 'The uptake of glutamic acid and glutamine
by several tissues during the first 30 minutes after intra.-
venous administralion to mice and rats was determined.
Preparatory to this study the normal concentrations of
glutamic acid and its amide in several tissues were
estimated. - Though the glitamine values for the
protein-free filtrates of tissues of the dog and of blood-
plasma of several rpecies have been reported (Archibald
1945), no information on the concentration of glutamic
acid was available.

Our analyses (tables v and vi, values at 0 time) show
that somo organs (inusele and liver), of the rat and mouse
contain an excess of glutamine over ghutamic acid,
whereas in ofhers (brain and kidney) the concentration of
glutamic acid excecds that of glutamine. In the brains
TABLE VI—TISSUF DISTRIBUTION OF GLUTAMIC AGLD {(acip)

AND OGLUTAMINEG (AMIDE) AFTER INTRAVENOUS INJECTION

IN RATS (1'3 M¢. PER 0. OF BODY-WEIGHT)

Values expressed in ng. per 100 g.

Glutamic acid given | Glutamine given
Min, after . |
administration i i
Acid Amide Acid Amide -
Drain l
0 133 2 : 133 ) 62
10 120 65 ! 120 | 68
.20 140 a6 : 140 ! 84
Liver !
0 33 53 | 33 | 55
10 94 38— | 210 ! 210
20 73 45— | 200 | 73
. Muscle |
(1] 21 32 , 21 32
) 19 40 35 ' 18 63
20 18 42 . 13 53 .
Kidney
Y 98 19 i S N
10 400 29 ' -
20 424 39 ! .. | ..
. H .

of mice and rats as well as in those of rabbits, calves,
and pigeons a twofold Lo threefold excess of the amino-
acid over its amide was found, and the absolute con-

-centration of glutamic acid was about twice that of

glueose.

It would he feasible to consider glutamie acid as a
respiratory substrate of brain tissue, particularly since
a determination of the respira tory quotient by analysis
of the arterial-venous difference ecannot differentiate
between the utilisation of glucose and that of glutamie
acid. ~ Recent investigations on hbrain Tespiration in
progressive hypoglyeamia have led to the conclusion
that under such conditions the brain utilises its own
arbohydrate stores or some other endogenous substrate
(Kety et al. 1048).

ORIGIN OF GLUTAMIC ACID IN TIHE BRAIN

The high eoncentration of glutamic acid in brain’
made it of particular intevest to aseertain whether the
amino-acid originates from the cireulating blood. After
the intravenous administration of glutamic acid to mice
and rats no significant increase was found in the coneen-
tration of glutamic acid in the brain; the length of the
experimental period was sueh that metabelic conversions
would probably not significantly distort the changes
resulting from uptake into the tizzue (tables v and vr).
Whereas Jiver and muscle took up considerable amounts
of glutamic acid, the amount of glutamic acid in the hrain
varied within the range found in the control animals.
This led to the conclusion that glutamie acid as such .

apparently does not enter the brain.
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Such a result had been suggested beforo by studies
in which the total amino-acid nitrogen of the brain was
measured after the adininistration of glutamic acid
(Friedberg and Greenberg 1947), but only the specific
detcrmination of glutamic acid can give an unequivocal
answer. A considerable inerease in the concentration of
glutamie acid occurred in the liver of mice, and in the
liver, muscle, and kidney of rats. No indication of
conversion of glutamiec acid to glutamine was found
except in the rat kidney. Tlere mav have been a slight
increase in the glutamine content of the mouse brain.

- After the. injection of glutamine there was a con-
siderable increase of that substance in the mouse brain and
a slight increase in the rat brain. An enormous inerease
in the amount of glutamine in the liver was observed,
and an immediate liberation of glutamic acid from
the accumulated glutamine.: The increase in musele-
glutamine was comparable to the inerease in glutamic
acid observed after the adininistration of the amino-acid.
The results of the injeclion experiments suggest that
glutamine enters the liver, and possibly also the brain,
with greater ease than does glutamic acid.

Glutamie acid does not enter the brain of anjmals
under the particular conditions of our experiments. It
camnot be concluded that the same holdy true for the
human brain or in patliological conditions, such as epilepsy
and mental deficieney., We cannot state definitely

" whether the glutamine of the blood is likewise excluded

from the brain. since in some of the experiments an
increase in the amount of *“ apparent glutamine
{Prescott and Waelsch 1947) in fle brain tissue was

" noted.

Though glutamie acid and glutamine are posaibly
derived from the glutamine of the cireulating blood, it
appeared desirable to find out whether the two amino-
acids are synthesised in the brain itself. In preliminary
experimnents slices of brain cortex from g fuineapig
were shaken in Krebs-Ringer-phosphate solution under
aerobic conditions, and the copcentrations of glutamie
acid and glutamine were determined in the absence and
presence of glucose after different intervals of time.
In the absence of glucose there was a rapid decrease
in the conecentrations of glutamic acid and glutamine in
the slices. If glucose was udded to the exhausted slices,
the content of glutamic acid and glutamine was increased.
It glucose was added at the beginming, the depletion
of the slices in glutamic acid and glutamine wus arrested.
These results would indicate that glitamic acid and
glutamine are synthesised in the brain slices, were in
not for the possibility that the increase in the amount
of glutamic acid is the rvesult of autolytic processes by
which glutamic acid might be liberated from protein.

The experimental cvidence presenied so far is com-
patible with the view that the effect of glutamic-acid
administration on the metabolism and function of the
eentral nervous system does not result from a direct
action of the amino-acid on the brain. It is doubtful
whether glutamine can pass the blood-brain barrier and

- thereby supply the brain with glutamine and glutamic

acid. The alternative is that the brain manufactures
the amino-acid and the amide, and that the effect of

. administered glutamic acid on the brain is indircet

through other organs. The finding that an increased
glutamic-ucid Ievel in the blood leads to a removal of
other amino-acids adds another complicating faetor, and
we cannot exelude the possibility that the eflfect of
glutamic-acid administrgtion is the result of the con-
centration of substances in the tissues by such a
mechanism. .

GENERAL CONSIDERATIONS

Glutamine appears to enter the tissues miore easily
than does the pavent aminc-seid. The preferential
entrance of the amide into the tissues may have con-

siderable significance for the organism. Glutamio acid
is metabolically one of the most active of amino-acids. .
It mediates the entrance of ammonia into the amino-aeid
pool and it takes part in transamination reactions. 1t -
is also the parent substance of ketoglutaric acid, one
of the essential members of the tricarboxylie-acid, or
Krebs, cycle by which pyruvic acid originating from
carbohydrate breakdown is finally hurned to carbon
dioxide and water. 'This part of the metabolism of
carbohydrates contributes the lion’s share of energy
during their metaholic degradation. It is assumed today
that the tricarboxylic-acid cyele is also the pathway
for ilie oxidative breakdown of fatty acids and the
carbon skeleton of many amino-acids. Whereas glutamic
acid, or ketoglutaric acid. participates in all these
processes, as well as in the synthesis of urea (Cohen
and Grisolia 1948) and in the reactivation of the enzyme
gystem synthesising acetyleholine (Nachmansohn et al.
1943), glutamine is inert in all these metabolic reactions.
It is a depot from which glutamic acid is casily liberated
by enzymatic action but which by itself does not change
the rate of the basic metabolic reactions proceeding in
the tissue (¢f. Chibnall 1939). ’ ’

This concept of the function of glutamine disregards
for the moment other functions of the amide, of which
we know very little—e.g., the removal of ammonia,
and its role in glycolysiz and the synthesis of protein.

The concept that glutamine represents a siore of
nctabolically inert glutamic acid and ketoglutaric acid,
casily mobilised by enzymatic action—similar to the -
role of glycogen in carbohydrate metabolism——may be
extended tov explain the presence of a large concentration
of free glutamic acid and of glutamine in brain and
other organs. The rate of the tricarboxylic-acid eyele
determines the amount of energy derived from the
combustion of carbohydrates, and a certain, if only
catalytic, concentration of ecach of its components is
needed to carry the eycle at a rate compatible with -
average pliysiological function.

‘The.physiologieal rhythm of funection and inactivity
of an organ may find one of its metabolic expressions
in the rate of the tricarboxylic-acid eycle, particnlarly
in organs such as the brain, which derives its encrgy
requirements from the breakdown of glicose. The
concentration of the different components fed into the
tricarboxylic-acid cyele from many metabolic pathways
undoubtedly varies widely and requires some physio-
logical regulation. It is likely that such a basic metabolic
eycle will be well bufifered to ensure a physiological
rate. One of the metaholic buffers of tho tricarboxylic.
acid eycle may be the system : glutamic acid, glutamine.
The presence of glutamine and of glutamie acid in large
concentrations may doubly ensure the adequate supply
of ketoglutarie acid. 1t is too carly to speculate whether
the large amounts of glutamic acid and the smaller
amounts of glutamine in brain are the metabolic
expressions of its functional state, which has to be kept
within carefully guarded limits. ’

We are still a Jong way from understanding the effect
of glutamie acid on the central nervous systera. By
frying to reach an understanding of this effect, we may
hope to learn something about the metabolism of
amino-acids and iis relation to the function of the
nervous system, .
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~ 2. - GLUTAMIC ACID AND ITS RELATION TO THE
t NERVOUS SYSTEM
~ . By H. WeIL-MarLugrne
l‘ Research Department, Ruworell Hospilal, Wiclford. Esser
r~ | . . o , '
i i The functions of glutamic acid in the central nervous systen are not
t: | only of great intrinsic interest, but they have recently become the
| . focal point of much publicity owing to the clinical and psychological
~ E effects which glutamic acid is alleged to produce.  Some aspeets of
( ! : the problen: have been considered in a recent review (Weil-Malherbe,
: 1950) ¢ the present discussion will therefore he mainly concerned with
the fiterature published in the two years which have elapsed sinee the
r above review was written,
-
THE CONCENTRATION OF FREE GLUTAMIC ACID AN D
F RELATED SUBSTANCES IN BRAIN
£ The nitrogen content of 30 nitrogenous components of deproteinized
brain extracts (mostly of the rat). for which Guantitative data are
’-’A\. : recorded in the literature, accounts for 880" of the total Hon-profein
é ! nitrogen of rat brain. - In the histooram of Fig. 1 these substances
‘ ' have been arranged in descending order on an arbitrary molar =cale.
-~ Glutamie acid heads the list, followed, in third and fourth place, by
P the closely related compounds, glutamine and y-aminobuiyric acid.
- [t only the free amino-acids of brain are conzidered. the moiar
concentration of ghitumic acid accounts for about 300, and that of
r the three componnds, shutamic acid. gltamine and y-aninobui vric
L. acid. tozether {forshout 767 of the total.
i Compeered  with the majority of free amino-acids< in braia, the
- i concentiation of glutamic acid is (Ii.\'pl'()])()l'ti«)lli!!L‘z‘\' ligh,  Its xpecial
é , position indicates a special  function © moreover, 1 indicates a
I stoichiometrie. rather than a catalytic fimction.
~ !

THE ENZYMIC TRANSFORMATIONS OF CLUTAMIC ACID IN BRAIN
AND THEIR PHUYSIOLOGICAL FUNCTIONS

Fa

Brain’ containg enzyme syxtens for the oxidation, transamination,
amidation and decarboxylation of glutamic acid (for the literature
prior to 10 see Weil-Malherbe, 1950). In its ability to undergo
i . oxidation, amidation and de :arboxvlation in brain glutamic acid is

¢ unque amongst amino-acids, and it also has a central function in
£ fransamination reactions. As {ar as the transamination reactions
and the oxidation of glutamic acid are concerned, brain resembles
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other tissues, such as muscle. but it ditfers from most of them in
containing amidation and decarboxylation svstems, -

P Glutamic acid
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Fig. t. Belative molar concentrations of nitrogenous components of deproteinized
hrain extract,

A clue to the functions of these enzyme systems may perhaps be
obtained from u consideration of those special properties of glutamic
dehivdrogenase which sct it apart from other amino-acid oxidases.
Glutamic dehydrogenase, in common with other nicotinamide enzymes,
has a relatively low oxidation-reduction potential. Accordingly, the
reaction :

dehydrogenase
vhitamic acid—Co.l —m——=——== iminoglutaric acid-4-CoH,.1
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E is easily reversible : the cquilibrinm lies in fact far to the left. in

favour of glutamic acid synthesis. This equilibvium ix, however, only
attainable if the sceondary non- vu/vmw hydrolysis of iminoghitaric
acid to ketoghutaric acid and ammonia. aceording to the equation

) Innnoﬂlutdmc acid-+ FHL,0 2 «- kcrorrlumm‘ acid-+ NH,,

is prevented.” Iminoglutaric ac id i ﬂlm‘(-f(no only stable in the presence
of apmmonium ions.  In the respiring eell where the concentration of
citric a(-id-ov(-lc intermediates has reached a steady state, the appear-

ance of NH,* will automatically lead to the synthesis of glntamic acid.

The chucn\ e amination of l\vt(wlm(u ate which takes place in slices or
homogenates of liver on addition of NH, *so depletes the level of Cj-acids
that the metabolism of pyruvate is ]awvlv switched to acetoacetate
production (Recknagel & Potter, 19510 The presence of glutamic

)

. |

3

P (](-‘h\(hl)'f(*ll:l\(‘ thus prevents or coumteracts the accumulation of N H,
L in the cell,
. : tis kuown that the anunonia content of nervous tissues inercases
| during periods of increased nervous activiey and riee coove. Dawson

(1851) has shown that the concentration of both glutamic acid and
amaonia in the Lrains of rats killed during thiopentone anaesthesia is
; redueed, ('>]>(.~t:1:1]l_\' when the drop in body reinperature is not prevented.
} In rats whose bady temperative was maintained  at 37 during
anaesthesia the reduction was smaller. It seems reasonable to conieet
the deereased eomcentration of glutaniic acid with the reduction in
amnionia formation consequent upon the lowering of funetional activity
in the brain, .

The amidation system easile fits into the picture.  When brain
slices respire in a glueose-free mediun, a steady formation of annmonia
is observed, while there is little change in the coneentration of amide N,
In u glucose containing medium, on the other hand. hardiy any free
ammonia is formed, dlthmmh there is a considerable increase of non-
protein N, part of which appears as amide-N (Weil-Matherhe, 1051),
' This observation suggests the existence of an ammonia-binding
mechanism leading from ketoglutarate to ghutamate: and from elut-
amate to ghitwmine. a substance generally accepted as the transport
form of aminonin in the body. :

The transamination reactions, too, may take part in the process of
| ammonia disposal. It is probably no coincidence that the three
keto-acids involved in the most active transamination systems,
pyruvate, oxaloacetate and ketoglutarate, are members of the citric
acid cycle. This limitation suggests that the cell may exploit the
constant availability of pyruvate and oxaloacetate and use them as
acceptors of amino-groups from glutamate whenever the concentration
of ketoglutarate is insufficient to cope with the influx of ammonia, or
would thereby be reduced to a dangerously low level.

Important as the ammonia-binding function of the enzymes grouped
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BELATION O GLUTAMIC ACLID 1O THE NERVOUS SYSTEM

P round ghitamic acid undoubtedly is, it is not suggested that it is the
[

only one. 1t is, for instance, now becoming apparent that the scope
of the transamination mechanism is less restricted than was supposed
for some time (Cammarata & Cohen, 1930 ;0 Hird & Rowsell, 1950

Rowsell, 1951). Unfortunately no studies have vet been made with
brain tissue, but if the situation is similar to that in liver, kidney or
heart. glutamic acid might he involved in the synthesis of a large
number of amino-aeids, It has also been found that. in liver. the wmide
gronp of glatamine can be wsed for the amination of certain keto-acids
(Meister & Tice, 1950).  Here again, it is nof known if similar reactions
oceur in brain.

According 10 a recent theory the synthesis of glutamine, a process
canpled with adenosine triphosphate breakdown. is the mechanism by
which phosphate hond encrayv s fed into peptide bond svnthesis.
Glutamine is assumed to exchange its amide Lroup for the z-amino-
group of an aniino-acid or peptide ina process terned transpeptidation,
Proteinazes have been shown 1o bring about the finkage of amino-neid
amides in this way (Fruton, Johnston & Fried, 1951) and o reaction
has heen described iu sheep kidney extract, in which the cysteinylglyeine
residue of glutathione is veplaced by another amino-acid resulting in
the formation of & new s-ghutamy | peptide (Hanes, Hivd & Isherwooel,
19505, :

That siwilar reactions way oceur in brain s suguested by the
presence of an enzyme (or enzymes) which catalyses the exchange of
the glhutamine aniide group with annnonia or hydroxylamine (Waelsch,
951 w5 Nchou. Grossowiez, Lajtha & Waelsch, 1931).  Whether these
reactions have a wider signiticance as models of peptide hond synthesis
remiins to he xeen, :

The occurrence of glutamic decarboxylase in brain has been discovered
independently by Roberts & Frankel (1951 «, 4) and Wingo & Awapara
(1950). The product of its action, y-aminobutyric acid, is present in
brain in remarkably high concentration (Robevts & Frankel, 1950 ;
Awapara, Landua, Fuerst & Seale, 1950) and the enzyme itself is 20
times more concentrated in brain than in liver or kidney {Roberts &
Frankel, 1951 5). These facts are sufficient to attribute to glutamic
decarboxylase a function of major importance in brain metabolism.
The enzyme requires pyridoxal-5"-phosphate as cocnzyme (Roberts &
Frankel, 19514 : Roberts, Younger & Frankel, 1951 ; Viscontiui,
Ebnother & Karrer, 1951) and a decrease of its activity may be one of
the factors responsible for the neurological and psyehiatric mani-
festations of pyridoxine deficiency (Wintrobe, Miller, Follis, Stein,
Mushatt & Humphreys, 1942 ; Follis & Wintrobe, 1945 : Hawkins &
Barsky, 1048 1 Davenport & Davenport. 1948).

As to the possible function of glutamic decarboxylase, a connection
with the ammonia-hinding mechanism is not apparent. Provided the
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(0, evolved is removed from the cell. ‘a decrease of acidiry and a
liberation of fixed base will result, Stelt & mechanism may be called
upon in sudden bursts of glycolysis in order to reinforce or restore the
buffering eapacity of the cell. 1t is known that the formation of
bacterial decarboxylases, a group of adaptive enzymes, is much
increased when the cells are grown in an acid or poorly buffered medium
(Gunsalus, 1950). This lends support to the assumption that protection
from acidity. ix a function of these enzymes.

Binkley (1951) has expressed the view that the enzymes concerned
with the hydrolysis of glutamine and glutathione constitute an ion
exchange system which {unctions in the maintenance of the ionic
environment of the cell.

The effect of glutamic acid on the restoration and maintenance of
the intracellubar potassium content of respiring brain slices has probubly
a simpler explanation. sinec approximately equivalent guantities of
glhitamaie and K move into the cells together (Terner, Eguleston &
Krebs, 1950)0 It seems that in this process Ko is merely the prefer-
ential eationic complement of the glitmmare anion which s jtsell
absorbed by brain cells from the surroutnding medinm with great
avidity (Rrern, Egeleston, Hems & Krebs, 1449y, The abzorption of
ghitumate secms simultaneously 1o facilitate the absorption of other
amino-acids . glutamic acid atone out of 13 amino-acids, when fed to
guines pivs, led 1o an increase of the ratio of intracellular to oxtra.
celludar slveine and other aniino-acids in iver and muscle (Christensen,

Cntreicher & Flbinecr, 1945, .

CGLEEAMATE OXIDATION AN THE SUPPLY OF ENERCY
The syothesis of chamine from ammoninn ghitanmate and  the
absarption of glutamate and. potassivm ions by brain slices are
dependen on the presence of olieose as o <ource of cnerey. It follows
that the cell cumnt derive the enerad required for these activities
from the oxidition of glutamate itself. This tallies well with the
experiments of Mellwain (1931) who showed that shntamic acid fails
to restore. or even maintain. the phosphocrentine concentration of
brain slices (see” however Nlein, 1943} or to duphicate the effect of

glucose on the response of brain slices to electrical stimulation. The

comparatively small decrease of glutamic :icid concentration in the
brains of hypoglveaemic rats (Dawson. 1930) does not necessarily
indicate the ntilization of glutamic acid as an emergeney fuel, but may
be the result of a change in the relative rates of synthesis {rom
ketoglutaric acid and  wtilization in amidation, transamination or
decarboxylation reactions. [t is likely, therefore, that glutamic acid
does not normally act as an energv-supplyving fuel and that its
oxidizability i~ merely incidental to its other functions in brain.
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Although this view has already been clearly stated in 193¢ (Weil-
Malherbe, 1036), 116 conception of ghutamic acid ay g fuel in brain
metabolism hax cained curreney and has often heen advanced as the
rationale for clutamije acid therapy in mental deficiency and iy

epileptic disorders of the petit mal type.

GLUTAMIC AcD THERAPY OF MENTATL DEFICIENCY
AND EPILEPTIC DISORDERS

In the Just two Nears reports on the glutamic aeid treatment of mental
deficieney have appeared from several cent res, The work of Zimmerman
and his collaborators I been criticized on the grounds that their
controls were madequate ; objections were ulso raised to their use of
statisties (1sson, Fuller & Urmston, 1934).  Several in\'esti;:emn'.s
faidled to ind any stonificant difference between the test scores of the
treated and control groups (Ellson of af.. 1950 ¢ Kerr & Szarek, 1950 :
Loeb & Tt denham, 1950 0 MeCulloch, 1950 0 Quinn & Durling. 1950 ;
Milliken & Standen, S Zimniernaan & Burgemeister (1951),
however, pointed aut thar many of their critics did not. in fact, repeat
their experitient  sinee they uxed g solution of <odinm ulntaniate
instead of giving vhitaic acid in powder form. The difference may
seem trivial, but Pond Pond (1951) have d(-mnn;\rra2.0(1_. i experi-
MENts on petit mal cises, that e two procedures give difforent results,
not andyvin their clinical offeers, but also in the rate of abzorption and
excretion of alutanate | the alkali reserve and the chloride concetrtyra -
tion of plasna ws unaffected,

The results of the Zimmerman group have been contirmed by the
following authors - Harney (1950} Bessnan (1930), De I Fuente
Muniz, Zuniaa & Zanowsky (1930), Sehiwohel (1950}, Diclay & Pichot
(1951), Schachrer (51 and Conting ol (1930).  Several of these
Papers were aceessible to (he reviewer only jn abstracts, huat jt Appenrs
that onlv the last-vamed author carried out simultadreous pPryeholocicul
tests on a cotaparable nuuber of coniyol cases, A large seale study
on the effect of slutamic acid rather than sodinm Iutamaie, inrhuling

by

the simultancous study of a well-natched control gronp withont the
psyeliologis knowing to whieh group the subject he jx testing helongs -
has still to be carried out, :

In such an investigation another boint would have 10 receive more
attention than hitherto, 4=, the composition of the placebo administeved
to the control group.  Sonie authors omit ity description altogether ;
others, in an endeavour to mateh the taste with that of glntamic acid,
gave glycine (e.g. Kerr & Szurek, 1950 ; M ulloch, 1950) or included
Yeast extract (e.g. Milliken & Standen, 1951). It seems to have been
taken for granted that these substances are mdifferent, that the effects
of glutamic acid are comnected with its specific i vitro effects and that
they are therefore just as specific. Nobody bas so far troubled 1o
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test this point in cases of mental deficiency, but Rausch & Schwobel
(1949) described remarkable pavehological effects when amino-aeid
mixtures were fed to patients suffering from chronic malnutrition.
They found an improvement of caleulating performance, memory and
concentration : the patients showed signs of cuphoria, their physical
and mental inertin and apathy disappeared and their need of sleep
decreased.  Such results were not achieved with amounts of ecasein
containing up to four times more nitrogen than the amino-acid mixture,
What ix pasticularly significant in this connection is the fact that the
amino-acid mixture used contained no glutamic acid.

The effect of ghitaumic acid in hypoglyeaemic coma has heen shown
to be equally unspecific, as it could he obtained with various other
aminn-acids, ‘

&
l

5~ , |
Y

1g. Adrenaling/ |,
oo oaodmon
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Fig. 2. Concentration of catechol amines (in terms of adrenaline) in the blood of patients
during hypoglyeacinie coma. At the time marked by the arrow 10 ml 287 o (w./v)
soltion of wonosodium glutamate: was injected intravenonsly,

The effect of glutamic acid is not only unspecific, but i also unlikely
to he dur to a direct action on the brain cells, since the rate of transfer
across the blood-brain barrier is very slow (Klein & Olsen, 1046 ;
Schwerin, Bessman & Waelsch, 1950 ; Dawson, 1950). It has been
suggested that the common factor in the dinical effects of olutamie
acid is an adrenergie stimulation (Weil-Maltherbe, 49350).  The reciprocal
correlation hetween the adrenergie svstem and the level of amino-acids
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in blood is well known and any sudden rise of the lafter may be

expected to produce a dizcharae of adrenergic amiines.  The offect of

glntamic acid in hypoulycaemic coma may be reproduced by an
intravenous injection of adrenaline, and the psychological and anti-
convulsive effeets by the administration of amphetamine. A new
method for the estimation of catechol amines in blood has recently
heen develaped (Weil-Malherbe & Bone, 1952) and with its aid the rise
of adrenergie amines in blood following the injection of glutamic acid
during hypoglyeaemic coma, which has previously heen demonstrated
(Weil-Malherbe, 1949), could be confirmed on a quantitative basix,
Fig. 2 showx the results obtained so far.  The first two, values represent
the concentration of catochol amines in blood (in terms of adrenadine)
before the injection of glutamic acid, the last two that after the injection.
An increase of catechol amines was recularly ohcerved (Weil-Malherhe,
1951),

D view of the ready availability of glntamic acid in the food and its
high rate of syuthesis in the tissues its effeets canmot be expladned as
the repair of an absolute or relative deficieney. Moreover, ax alrendy
mentioned, a divect cffect of slutaunic acid on the brain cells s
improbable owing to the action of the blood-Lrain hareier, These
difiicultios resolve themsclves if an adrenergic mechanism is assuimed.
The bLeneficial effects of glutamic acid therapy need not be denied
merely Lecause the premises on which it was Tounded turn out to be
untenable. [ one reads the detailed case reports cither in the original
papers of Zimmerman, Burgemeister & Putnaon (FO6, 14Ty or, for
instanee, in the recent paper of Schwobel (19305, one eannot excape the
Impression that in some eases clutamic acid treatment enn Cause
dramatic personality changes.  The individual respense,  however,
scems to be very variable and the most responsive caxes are probably
comparatively vare.  Any improvement of intelligence s prestumably
sccondary to an hmprovement of the personality, resulting in a4 move
favourable emotional attitude towards intelloctinl  tasks, It i
significant that « vise in the general level of activity and spontaneity,
an inerease of emotional stability and a higher degree of aceessibility and
co-operation have heen veported by authors who found no statistically
valid effects on test scores.  The observations on the effect of clutamic
acid treatment in ecatatonic schizophrenia indicate similar changes.
Ewalt & Bruce (1943) report that those patients who were apathetic
and easily latigued to begin with showed an increase of motor activity
and a greater interest in their environment and their personal
appearance.  Kitzinger, De Vere, Cartwright & Shapiro (1949) found
an increase of emotional responsiveness, of productivity and motor
control in those patients who initially showed a low level of activity,
while those wha started with a higher level of aetivity increased in
hostility, exeitability and tension.

.
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’ GLUTAMIC ACID AND CEREBRAL CIRCULATION
| The breathing of a (O,rich gas mixture tends to recluce petit mal
o~ . attacks, but to bring on grand mal seizures (Lennox, Gibhs & Gibbs,
: 1 1936 1 Gibbs, Lenunox & Gibbs. 1940). The effects of glutamic acid
' are very similar ; while it inhibits the occurrence of petit mal attacks
: (Waelsch & Price, 1944) it may precipitate grand mal scizures (Zimmer-
- ; man, 1949 1 Weii-Malherbe. unpublished observations). Carbondioxide
causes vasodilatation in the brain (Gibbs. Gibbs & Lennox. 1835: Kety
: & Sehmidi, 1945) and the effects observed in epileptics are probably
poen “ pased on this action. By analogy a similar vasomotor effect of
' B glutamic acid might be expeeted, although there is as yet no evidence
N to prove it.  Such an effeet would not be inconsistent with an adrenergic
mechanism, since small doses of adrenaline are kvown to induce an
B increase of cerebral blood fow (Rein. 1937 ¢ Rothlin & Taeschler, 1931)
and « dilatation of retinal vessels (Henerkamp & Rittinghaus, 1950).

NTUTRITIONAL FACTORS IN GLUTAMIC ACTD M ETABOLISM

.

Yeference has already been mnde to the neurological and peychiatric
effeets of pyridoxine deficieney and their possible connection with a
decrensed  activity of the transamination and decarboxylation of
glutamic acid in hrain.

The epileptogenic effects of agene poisoning in dogs may be due to
disturbance of glutamine metabolism. | The toxic agent has been
identificd 4= methionine sulphoximine, a compound strusturally resemb-
ling glutamine (Beatley, MeDermott’ & Whitehead, 1939). 1t inhibits
the growth of Leucouostor mesenleroides and the effect is reversed by
glutamine (Heatheote & Pace. 1950). Brain slices from animals
poisoned with methionine sulphoximine show a decreased capacity for
the synthesiz of acetyleholine and the in citro addition of glutamine
restore< the synthesis to the normal level (Tower & Eliott, 1451,
Methionine sulphoxide, a elosely related compound, is an antagonist of
glutamine i hacterial metabolism (Waelseh, Owades, Miller & Borek,
[946) and inhibitx the synthesis of glutamine in hrain extract (Elliott,
1951). :

-~

.

.

BLOOD LEVEL OF GLUTAMINE, GLUTAMATE AN D KETOGLUTARATE
1N PSYCHOTIC SUBJECTS '

—

. The values found for the concentration of glutamic acid and ¢lutamine
in normal blood have heen reviewed by Waelsch (1951 ). Pond (1950)
studied the diztribution of plasima amino-acids on paper chromatograms,
but found no abunormalities of pattern in various forms of mental
disorder. 1t ix, however, not possible to detect finer quantitative

. |

: differences with this method. Munkvad (1950) using an enzymic
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method of analysis has reported a significaut shife of the glutamine
glutaniie acid ratio in the plasma of psyehotics, while the sum of the
concentrations of the {wo substances remained practically unchanged.
In acute schizophrenia and jn acutely manie states the mean values of
the ratio were found to be 16 times higher than the normal average,
As the schizophrenic cases hecame more chronic the ratio tended to
approach normal values and enses of more than 1o Years” duration
showed no deviation trom, the normal average. A common factor in
acute mania and acute schizophrenia is o high degree of tension and
excitement whiel, mayoeven wunderlie apparently  stuporous states.
Lt would be interesting if a eonnection could be established hetween
the increase of the ghtamine glutamic acid ratio and the increase in the
activity of the antonomie NErvoIUs svstem,

Buscaino & Rapisarda (194%) ¢lain, to have shown an increase of
ketoglutarie aeid in the plasmia of catatonic schizophrenies,  The
values  published. however, show 4 large scatter and a statistical
COmparison with an adequate sanple of control cases has not been
carried out, '
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